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(57)Abstract 

PROBLEM TO BE SOLVED: To enable continuous operation for a 
long time by preventing a break of wire, and to provide a method of 
cutting a rare-earth alloy, improved in a cutting speed. 
SOLUTION: A cutting fluid is supplied into a clearance between wire 
adhered with abrasive grains and the rare-earth alloy, while cutting 
the rare-earth alloy. The cutting fluid having surface tension at 
25° C from 33 mN/m to 49 mN/m is used. Alloy sludge produced 
when cutting the rare-earth alloy is separated from the cutting fluid 
by magnetic force. In a range recovering the sludge, a magnet 
separator indicating a magnetic force of not less than 0.27 tesla is 
used. By controlling the temperature of the cutting fluid, the surface 
tension of the cutting fluid supplied to the clearance between the 
wire and the rare-earth alloy is adjusted. 
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30 [«*S2 0] «rE*±W-frA8»«5JPS*so. 5~ 

3. 0mm©j|5Il:&5- tSr*5F«^t5Sf*JSl 9^ 
[0 00 1] 

[0 0 0 2] 

5/ hSrflJWf 5ft«*SBB**ix, «*.tf#RI¥6 - 8 2 

y SrflyeuftdSfe-f hco^oB'j • nusranx^nn 
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^Al^fti ur^qbttrv^^ 0 

[0 0 4 1] 1(^7p- f 1 -^— h£r#fi&LfttfSib, N 

i-^o ft*3, »5tt»^ Lr<D^±S^$rf^Ki-S*r 
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P»^c^^$^^rv^S 0 
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TA^rf>-^^#H«^K««*B¥«F^rJK«.*r*Bli- 

b7\s*tim*ft0o Xf^S5t»1000 

- 1 2 o o^sAojsjisxs^fT^tf^^^^a^stt 

^rf^iJi-sr b&X$Z> 0 ^<D& y ^f^set'Ii 
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«J80!7 — ^^U— h 2 6 ^H^i"5o !7 — h 
2 6 ^#^n-/^ 2 4a-24c t <Dm<OWL% h £fdK 

*#J2 2{;iJ;orii/&£;ft3 0 J:0»«BJctt % 17-^:/ 

l/- F 2 6 ^/d y ^ 2 4 a - 2 4 c ^ Of B 1l:it ^ 

^ — £ ttiits^s^xyu- h 2 8asiES£ 

ft, :^8^^7 p l/- b2 8t>gff9J2 2^t 
Ty-^^-F 2 6*5j:^#^a ^24a-24c 
f£@*£ftr^5 0 SiM^^7 p l—h2 8f* % /d 
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o^24a-24 c^S:**t5J:5li:t^ 
[0 0 4 6] V-?-7\s- h 2 6tC^£;ft,fc^<0^ 

?&igm<n7u ^^{C5>f'j-r^r ^{cJ:oT, #;<7> 

[o o 4 7] — 9kV)<r>y— ^{cov>r > F-YirjfefT*^ 
(«JgiJ»o«$) 36S«)B'J*o§|#a^*SrjB*.T 

«)17-^fig^WX(OyDs/^ 24a-24c(^ 
M£ftrv>5£:a?>, ^ny^24a-24cOSBI:a 
B!l*«r«l&-*-S - fc # pTHBK:*: 9 > 9JBiJtt«J&^J£<z>BB 
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[0 0 4 8] /n^^2 4a-2 4c(Offl(cWJ^ 
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36»fe«H»ft5JBy*S:T*lRl^*i*-r« £ 5t-Lrv^ 0 
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*c#4«cK3e-r^<#^r4, «0B'Jffio*®«^^l7>rir* 

mm£s<-(7 , 2 9 £R#T^<5^17 — ?7U— h 2 6 CO 
[0 0 5 0] #:tC s 0 3AfeWa3B*#«U^5 

I^3 0^iit^ o r^y^ty-gtw^ — *co 

y^ir 3 2dSfaMtefc*#f+ftbft5 3oo^^yn- 
73 4 a-3 4c^ix.o^^tV>5 0 ^cO"5^s ~ 
oW>fyp-7 3 4 a*5j;tj«3 4blt !7^fty-g 

^xmm-tZo rtt^ux, ^yn-734 ciw 

^JdS-C^So ^>P"734 c(i!7^t32^LT 
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ft^^Dfc»oT»a*£*U V — 'J-f^— b 2 6 (CH 

3 2\cm bottle ?— ^^r7-r-y3 2 t<om 
«iwj«a;ds±#'r5fc«>i7-f ir3 2©jfti s r*>a** s ** 

[0067] !7-^«Tiao^ — 3Etf2x*-eia^j 
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£;ft,£:17-f 3 2 3&S-^/W^!7><^ry— t LT!7 — ^SrW 

fir£i*r£;: ir(c*5 0 HJX*j&s#>f V=*y h 
«)ofc££(c, -towvsfy h<z>«WflDX*s«*Six, 
y^^Joif y^-*3J:t5!7>r-YO*SJcJ:oT}*:*5l¥ 

V^P^\y— V 2 6 ^BJD^or±#^1ir^tl5o 

[0068] ^mmmmx^ v-i^z 2o±*^^ 

— ^^ttTS^*3&S6>flj|Sf*pxSrlltTi-Sfei6, SJBrJHJ 
ttSbttlt'O'zty b 2 ott&mmz&oxte&hv— 
b 2 6tc^Lfcttffi(^^^. y — ?^fu- b 
26HmiT^< e rco J; 5fc«WjtoX£r£ttfc 
^y^y h 2 o^^-rir^T^^iM-r^^ife, !7— ^ 
<7)^»^X«^«5>dSi7-^2|cflc^fc»|« • BMfbfci: 

[0 0 6 9] 0 4*r#flaufttfSk, 17^ ^ry-^ 

[0 0 7 0] :^t4 0Oi^ 17 — ^co^o^pxtc 
4^tT, HI 3 Afc^OT 3 B b 

tfy^p i ^^v^btb^ 0 §3»rJ^xcoyi:4^)^fflv^^ 
*Lfe«HiHKr4, lPX«»*5j:t5-to»ja^&J(ITU, T 

ttrv^5iPX«KW 7* tc<to-cs^e>^5<t 

50 6o 
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[0071] «ts, mnm&tt;*^? a 21*, y^^^ 

F y y v^fctJS Z b 

0 LTi/^ * =7 y ^Offl^rJE 

✓n° 5 0 tc <£ o -r»*ffl&* 7 * i?i±mt £ tlX V ^ 
OT«L, £tl®L^1-< &oT^£ 0 
[0 0 7 2] ^COJ: piC^^^ffiT*fi, §J^J^O^ 

mmmmx\ tz u v >^oN'jf^^r^*& l t t> <t v \ 

[0 0 7 3] ^(c, l]5£#J$Lft#b^^^ 

H (^~^>f$Q 5 2 

-TZ^t 5o #HfMf 5 4 54a dSR*t 

ib*LT^5 0 r^i!5 4aft ft * ^ ;y 

lltff 5 4tctt^£^5^fM£^o 0 ^-7^5 2^: 

[0 0 7 4]-7^3/ht/N*l/^5 0lt ftWlz.&jj 
&B£^gBM£ft*: K^A 5 6 b. K^A5 6C0^M 
0-^(C^*L^^^[p]^5^i9 5 7 b*m*- 

T^5 0 K7A5 6 fiS^^*'L>^lElte^IfM^S:^^ 

^)<t 9(-S2^^ixrv^o — 7 5 7(1 WSH4=f 

J±teb*fabBj&£tiX%>iO , K7A5 6^]|@^L 
T^C0M^^J:oTEE^$n^ 0 K7 A 5 62^121 
^(D^-?i^£<>X^<Djjfa^\B]m-t& ^t<D^ 
0-75 7 (d^^^-^X.. 7 57^0 

[0 0 7 5] K7A5 6(7)^®^^, ^ON'J^ 

5 2^^^^^^ y^ K7^5 6rt(D^JCj:o 

ttftSo h*9J*5 6<Dftmmc»&m^tz*7yi>n 

K7A5 6C0[Hie{-^oT^]&J^5 2f*J^&'9(&;^ 
ft, K7A5 6«^p-7 5 7<l:^$:IIt5o ^ 
7^13:, Wt^^ W^5 8(cJ;otK7A5 6(7) 

7A5 6^S^^]{C^it^,^a5^b^W6 OlCjlo 
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Tl^ifc*:^ 4 8t;:iltf*i5 0 ^<£>£ 5*^** Sir 
5 0 £ LTSffl^Xy y^^Otig 
H 0>Jx.tf3I^Bg6 3-2 3 9 6 2^'£m^ffl7jk£tlX 

0#±^&<0*7:y^£: K7A5 6 0^®tc?|#^ii: 
Sfctt, S08US£5 2(*3K:fc#5 K7A5 6(O^S (;* 
^ ^/ i^lHlMXffi) X<nm?)&Q. 2 7f^7^±Ct5^ 
^^»^L<. 0. 3f^7^±M5^^^I(:^ 

/0 -*?*y hir^L — * 5 0\c£Z>$>±m'&&*y y^(D 

gijjf£5 2^tc^^tbyc^^^®3i-^^7^^co§: 

[0 0 7 6] r<0<t pftir^U-^/B^T^^fttC^ 
xyy^cDMmZi&KMftlrzztfrXZ. WWMb b 

m t» £tiz*7yi?&'j>ft<-tz>-b&x* 

20 mm \Ct>tc<z>X ftftlZ/b £ V ^ U-</U^^O CI t fi*X'% 

So 

[0 0 7 7] J^T, H7*5<tr5BI8S:#Wb*^e>, ffi. 
^^rtaP^-r^o ^*5, ±|SH4*5«tt^|g5^L^ff» 

^^A^^:3*b-cra«(D«fiS;Sr^^i-saJ»^cov^T^i|S[I 

[0 0 7 8] in 7 ^-rejfiijfRais^^x a 7 0 
»/^^7 6^lt, i7>rty- ms<D^m&3 0^ 

iRKW^3 7*>«tt/iDX«KW^3 7* (c:J:oTS 
/^U— ^ 5 0te£Tfs<yi?yj/l'f 84ia§^7yv ? 

o e tumnit9 2) ^tztbbtiho 

[0 0 7 9] ±B»3 0^Vt, 17^-V^*±SIK^ 

bicfo^ wmiz&vzmmmmmi,xistio 0 r 

i^iBa («ttfW8- 2 5 1 2 5#^«U£Ett*)i& 
50 ftffifllKBte^) SrftffltSitm, »^U<«. 
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mmm^n^. ? << -v k&±mm* knmzm&sti 

[0 0 8 1 ] H 8 Lfcj&s b^b^B 720 

Mr^U— * 5 O&XTffrfm 8 2£M£5#P§£|58 0 

Ifintlitt 9 2 Srix.5fiSI»8 9 0 
£*V0^ 0 #Rttff 8 2£iUflMMt 9 2 £tePI^8 8 

8 8 a SrjBo"tWIB«r»»"rS- tm5o i"tt*> 
3flMff8 2 £t&gflffi«9 2 *fflr<Q_b*|50>ffi 

[0 0 8 2] 5MK»8 0^*5Vvt\ !7>fty-gl^^ 
5 0 tt**^«B«**r«l*IB^*Q!ai-SIB*ar* 

5 O^it*'*^^/^ 8 4) CD^Si^^ «JB'Ji8 

-fc^U— ^ 5 0#>&U/<yi?-7 >\s$ 8 4 — <Z>£0BlJfK<D 

U— * 5 0 &mtz$mm<D—n%;s<*yi?'7j/l'? 8 4T* 
[0 0 8 3] hir^u— ^ 5 0{c£-qT.*7 y 

s^as sk* £ htctymm*.. K7A5 6oif^i^^ 
s> 0 ftmms 2<D®mtes «*.tf*&2ooncR3fesn 

[0 0 8 4] /^^8 5*5«fctf 8 6 tf)BB P ^ b^Ptffl 8 
2 fc«E*tj&A/««B'JiKr4, RIM 8 8(c£oT--B#ffttC# 
»«8 2llffigU «a*«««9 2^i([*^jKttrtfr- 50 
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<f 8 2lc*3V>r«;l^$^:5r i:*s^#S. ^co^, # 
MM 8 2^43^S«)»JiR©±«*«BJ»«>*d s BI»8 8$: 

[0 0 8 5] #81* 8 2 -CifcPfc LfcX 7 y ^f*. ^7ix 
^KiRsK^S 7iaot-7^7 b-fe^lx— ^ 5 OM 
mtSfrZo £*UCfc>K »i»8 2^7y^lSr 

[0 0 8 6] ftjb\ «JHUJjS<oiRffi5fi< ^7y^3&Sf|V^ 
±3&5 5^i:*:BSitLoo^7y'^KiR>K^8 7 cdp^A 

^-f J: 0 ^mms 8 K«»8&SrRtt-C*7 y^Sr***: 
^^T^8 5*$J;tf8 6 0^pcDffie^rR3tU^9-r 

[0087] &mw8 2&^xMf&£titc.mm<D±m 

^g|5#i*. i^il£[5 8 8 a SriioT^PgBlf 9 2 \£»Wl 

-rs 0 m.mmm 9 #jx.f*4ooLtcR5& 

£;h/rv^« ?S.a[W«5lt9 2(cW*&*ttS«)S'J«f4. * 
[0 0 8 8] Z.<D£ 5 \ClsXUmmWiW 9 2\ctc£>btl 

tcwmmte, if^-fv 3^m^^xummwm7 a 07 

^BlfflS 8 0 {c*5V>r ^ 7 y S*Z>|fc*«:fT 5 <t 5 I- ttv^ 
50T% rUffip®«7 4t-^V>T^^^^^-r7 P rt^ 

[0089] ^mmnmx^ n&mmw 9 2 ft<o®m 
*3<tuta*me«7 4«rfW6**, ^0^, ummmw 

9 2rt<o»HiJttoj^*SBfS<oi«aTlcft-pfcfc# 
tc s *^P3*5J:l^ia«P««7 4 4:fltihSli:-C^ 
5 C ^ot, iaffiW«B*7 4tcti s MffiWffl5W9 2JClR 

&ztitc.mm<D±x&mhtizt>rtx\tt< y mfe<D 
wmizm^xwmm(D—&$mbtiz>o u&mmztix 
Msnfc— i»<z>«JM«fc 9 2^^^co^offl 
tt^rtt, »#«9 4ic < fco-cii<& Six, 
aftn«l5« 9 2rt<o«oBU*offl*3as*9— 
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[oo9o] — *\ m&te¥<D&mz&'ox$)nm<Dm 

t<45^*5. «BU*#tSDfiy*lc+# 
WBiJKo*B5SJASr(fi:TS**Cfc3&s*«"e«> 

So 

[0 0 9 1] ^y 3-/u«:*tp«0Hfl«tt> SMSffi 

M^6 7mm 2 /sl:@x5t, JblE«SH<0*ffi«* 

HUttCOftttffiH, 6 7mm 2 /sJ^m5:^^l 

LV\> Sot, a-A'Sr^trWMSEtfflv^sa^tJ: 

[0 0 9 2] &AHtt*9 2lC*3V^Tfi««l»Sixfc9J 

0 (8 7) ^^<b*b£ 0 l7^^i:*±SgK^^<z>ni|^ 

[0 0 9 3] ±«©S«t»ttt?r4, mm(DW&&£v 
lsIitt*«||lWJc»TLft3&sfo, *7 2xS^#Mft**r8b 

T\ fflBiJ»02S5lj|ffJRo|BH|3&s*L<«t5, flRfrfllXA 

So 

[0094] m9te£vm i o «riw»Lfcjfls&, 

[0 0 9 5] El 9 fi % «»i-«H 1 0 *C*i-*ifcSrff o 
fcRfttt (ffHEtt) l OOi^^t, KStttUOtt* 
*fflffiK#J»rffl!7>firi 2^#lH]^tb, laltettds^ib^ 

K7^l0 2H,S9»f*l <!7 — 14S:«J»fi-6 

1 2 SlSSfco:/- y i o 6 t , #J»r&5 10 41: 
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f^ayMlli l 0^tt^>nTV>-5 o t">->3 

^TO5£s®i i ote, »7><^i 2^«#»ft?>tt^pnt(i 

^-yil 2 \mm^<Dtt&* F £ :^i:j;oT 

17-r-Vl 2{cmX*tt*V, Ztl\Z£Q, 7><^12<D 

IllOlt 17 — ^ 1 4(D}f L^XftiflZ&oXV'f 
1 2^Bf*«±0«y3^flK»^«t, JlKWJMjFK: 
tttnX-CnTSb^-y 1 l 2dSrtflJ^»B-r5r^T#-6 
/o £o\zMtfZ£tiX\,^ 0 rixicj: 9 , y-f 1 2 (cflox. 
6>tbSKASr«fiiL*dse). 2dS!7 — ^ l 4tc 

!7-f + l 2 t It, SiSO. 1 8mm^ tt_b 
tf>9@0. 24mm^«l7-8. 5kg f, iS 

[0 0 9 6] $J»rffl5 1 0 4<D^^-Y1 2' OJh^iCte, 

WBuafweyx/w i4^(tb^r^i? > i 

20 47^17^1 2' — «JB'J«*SWT*^ltt«lf$tt-5 0 

[0 0 9 7] 10KR«10SrfflV^ ^y=i— 
**«JB'J»!*/X/H 1 4^br7^-Vl 2* WSTS 

2* ^S2 0 Om/m i nT^^l^tto 4 
f*»*F:fc±TW»j«l 0 8 0«HMKft*rXW£ 
30 ^£t5r<h{aot, !7^tl2' Wl!7-^14 

[o o 9 8] mmmt unt ssK^oRfcsa^o 

^y 3-/uff*T7k»«]BiJ« (3L^ofls*naw*«fttt 

»:WL-l-WL-5) £fa2 5^<0M£-CfflV\fco 
ffi^fc«JB'J?Ktf>2 5^*3^6*®**^ 3 3. 6m 
N/m-4 8. 9mN/mtfc5o 4/c, ^3BU^ (^~> 
n {t^XJSttSt^ttfii • HT 9 N 2 5 t:o*B5«A : 
^0 2 9. 6mN/m) &&m&.Wt Lfc 0 

[0 0 9 9] HI 1 Ott, t^^l 0Sr^V^#e>nfc. 
«JB'J*0*B5S1* [mN/m] «JW*«T«*o 

[%/*tt»*i*iH] aaxjwmmm^iky c%] to 

* (a<0) &mirs<7* — ^-Cfef9, ^{cy^^r^ 
50 *5j:t^fflix«HftT«ftar4, SiT^ (1) 
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[0 10 0] Y = a i n (t) +y (l) 

t£ (i) d^T, tnmmmm (titcv 3&*im& 

te, -blS^J^Jffl^ffiv^ytm^^^J^^IM^ 1 0 0 £ 

-v j: o r %r±m&& tcxm $ ti tz w mm <om £ % mi ^ 

-tZZ.ktZ.£~oX®:7£VX\,^ 0 t£& s 5£ (1) frib, 
9J»H4ffi^«7tt3 5>« (t = i) (D^^rttHgit (*hiU 
8U$0 «Jn*ffiT#^:a^^0t^ (1 n 

(t) ) ^M-r^mmm^mtm^m^x^^ ^ t& 

[0 10 1] B10^77^^5J:5I^ 2 5t 
^tt5*ffi3S^3^3 3. 6mN/m-4 8. 9mN/ 

SScyttlOO [%] *»T?fct>, ±fB«HU»*r«v^fc 

«WttlB**ytt7 5 [%] ^_h(H3oT*5«9, 
^«JWHttB3fts» btrtxtf * Jfctttt«i*ja < *±*^&*> 

iV*«T*Hfcatt-l 6. 5 [%/*fiW**WIB] «± 

[0 10 2] r^ct pJd^y /u*3fir^>*3R«JB(|«4r 
*»«©«)»]» «rfflV^S»fr^it-<, «0M3b 

[0 10 3] ±»ott*43J:tWi*4Mtbfc«*^e>, 

2 S^iCjbMt^SS^^S 3mN/m^4 9mN 

< C"t?OS®36^dS3 5mN/m~4 5mN/mCD7k^ 
HUSK ^'>nftfltft^{t8:WL-2) 

ix«. **«ft*if«rgi#j8ri-ii'*<. 3M*A<* 

[0104] illUl ht/<l/-^^7y 

^7y^Bftai (^7jy^lHliR««) 

7 s*#iti* * D 8&Wx3* 7 7 i?<n l «f 
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[0105] iKli i^fet>MJ:5l^^!/ hir^u 
* * h -tr * J: £SfiiJ jfltt* b<E>* 7 y ^#ffl**s 

W-i&mfcQ&Ti-Zknz-ibtiZo ^4b\ ■^ns'W 

[0106] 7— #wwrm<D¥-mm& 1 oo n m^m*. 

LT<Off*a*3ftSfiTi-*fciC>, ^ffiffifl 1 5 ju m 
«Ttc*sri:dS#^L<, «*fc*DXffi<7>5p®^ s l 

cofc^dte. -^^5/ Mr^i/— ^co K7 A^ffi^tf 
5K*SrO. 2 7r^7W(cRS«:t»*l 
<, 0. 3 0"rX7£X±{c-t%-kt)^\z&^ Ll\ 
[0 10 7] wt^, il^#i« 0 ±ia*-fe*fflv^T 

[0 10 8] (|H£«ll) i7^Lfc7^ty-|I 

^J?S (WL-2) SrftfflLfco «a*«SS«i:Lrr4. n 
*»ttl**#a»OSftiaSW«5ttl (KTC-3B) ^ 

40 [0 10 9] *fc, W7^t^Ltlt 

0. 18mm, 7xy«- / /UTOcOf ^ : 2 0/im, it 

its '.yj**^ b\ mttm : a o — 6 o m ms ¥#j*e 

100^m^)!7^f^^fc o r(D7^^^rl8 
3^8 0 Om/m i nta«*ff*t : 2m 

/min, 7>f ir^Wa ^ : 3 0N<Dft#-e3SK*» 
f^^^Tito ttfflMttfcL-CM:, 2 0mmX4 0mmX6 
0 mmOtil^^ 7 ^ LTgf t , :M40 
mm/m i n(D[^TiSSr*y^-^{Cjgte$^fc 0 

50 T:-2 8 < Cco®ffl(c^L^^b*±S^<7)^l^r^^ 
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[0 110] %r±M&&& 1 8 Omm*t99ii^ «J 

[0111] (ttmmi) «a*wffl«*r««iL*v^t 

[0112] *r±S-&&£ 180 mm£T-i?J 9 «J 

mmzmmvtct^z, mzw&ri.tiu&&k*mmm& 

Rma xttl 5 jum«JL-CS>9, DDiQ#**^K#*J« 

2>>ofc 0 7'< J r<Dlzt?Z*m'Z&*\zmto 20 

[0 113] ^±R«Lt*fcj:5lc:, ±E*±3S^& 

[oii4] i. 9—?mmmfrb<Dwmm<Dmm%)m 
Ions] 2. y-?wm^<D^mm*fa±.£'&z>z. 

&tiZ> 0 30 

[0116] 3. &±m&&^ttTz>7'('Yy—®m<D 

[0 117] 4. «)BU**«>^9y^*r«i*«jfc|»*-c 
o r «j»f » ft £ Iri ± £ -fr 5 r £ as pT fig f c * 5 . 

[0 118] 5. 17 — ^^WiCtt, I7^i:<£> 
[0 119] ft*>, *±**A«©«J6*jfe«cov*T* 

o#-±s^® D °p • ap^^ftsa-r^^^tc. *&w<dw 
mjjfe&timicm^^^ t a*T*# s 0 

[0 12 0] ttl^Lt, Nd-Fe-B(D 

mt&m$±z < , * ^ y ^tmm u-^-n t^im 

[0121] ±»<0*ft*JB^Tf1s«Lfc#±*^&« 50 
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J££0. 5-3. 0mm) £§«gf £<7MCj£LT^So 
L/c±f2<Df$V ^±g^&^& Sr^^n^ /Wt— ^ |d 
[0 12 2] 

ir y - ic J: £ 'fflWrloi £ Hfr L J: 5 k ir £ 
xh, v<< J rwti&VS±i*fr. &Ktt-»m«0!>K«lBiR 

iia©offl!^tftw] 

[Ull] Nd-Fe-B*^^^S4^«I^-r^u 

[02] (a) ttI7-^^U— h^H5tsn^>r^=ry 
y^Sr^-TjEffiia-rfcO. (b) tt-t(0«®H"C 

[0 3 A] *«WoHlfiJBffi-t?»atc:ttffl$*x5!7-<^ 

-y y -mm<o ^^tie® mx$> z> 0 
[03 c] *»W(^iii6»ffir-»a^flefflSixsflb^!7 

[04] BufEy^^y-i^Bco^B'J^mv^^A^ 
i1ltl»«*H-C*>6 0 

[ in 5 ] stria !7 y — 3S»c« x.o <b nfc-v ^ ^ 
[06] y-firco^TS0T*fc^ o 

[07] 04 k\t%\mm<ov^^y— mm<D^nmnm 

v- a &7Fi-mi&ffii&m x&z> 0 
[08] miK^mm^^Mzm^nnhthtzmh 

[0 9] =-^^7K»«]»Jffl^^«)»fttffii:^H 

[010] ri)=-;i^m*7fk®mm<okwmmik<D 
[011] h±s*i'—*<omtiky—*wmm 

20 #±i^wv=fyh- 
2 2 

24a~24c /fy^hO^ny^ (!7 — 

26 17 — V 

2 8 RiK^-^/U-h 

2 9 &mmw&'<<< y 

29a ^y^htt;X/U 
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30 I7^^y« 
3 2 t7>Cir 
34a-34c 
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3 6 

3 7 

3 7 

3 8 

4 0 
4 2 
4 4 
4 6 



SB i ^tfst^v ^ 
» 2 (Dmm^ 7" 
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48 wmm\su&?>? 

4 9 S3CO^y^^ 

5 0 v^yht/^-^ 

54 frmm 

5 4a »*}t^»«t6>*t^BI!P» 

5 6 K7^ 

57 t^n-y 

5 8 J*^U-fV* 

70 5 9 ^7^^^^^ 
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~7v is y^—ijo^^ 

F $ — 3C047 FF06 FF09 GGOO 

3C058 AA05 AC04 CA04 CB03 DA03 

3C069 AA01 BA06 BB01 BB02 DA06 

DA07 
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* NOTICES * 




Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] Cutting process of the rare earth alloy characterized by cutting said rare earth 
alloy, supplying the drainage system cutting fluid which is the cutting process of the rare 
earth alloy using the wire which made the abrasive grain fix, and has the surface tension 
in 25 degrees C within the limits of 33 mN/m - 49 mN/m between said wires and said 
rare earth alloys. 

[Claim 2] Said drainage system cutting fluid is the cutting process containing a glycol of 
a rare earth alloy according to claim 1. 

[Claim 3] Said drainage system cutting fluid is the cutting process containing synthetic 
lubricant of a rare earth alloy according to claim 1. 

[Claim 4] Said drainage system cutting fluid is the cutting process of a rare earth alloy 
given in either containing a defoaming agent of claims 1-3. 

[Claim 5] Said drainage system cutting fluid is the cutting process of a rare earth alloy 
given in either of claims 1-4 whose PHs are 9-11. 

[Claim 6] Said drainage system cutting fluid is the cutting process of a rare earth alloy 
given in either containing a rusr-proofer of claims 1-5. 

[Claim 7] Said wire is the cutting process of a rare earth alloy given in either containing 
the abrasive grain made to fix with phenol resin of claims 1-6. 

[Claim 8] Cutting process of a rare earth alloy given in any of claims 1-7 which include 
the process which controls the temperature of said drainage system cutting fluid they are. 
[Claim 9] Cutting process of the rare earth alloy according to claim 9 which includes the 
process which collects the drainage system cutting fluid containing the sludge of said rare 
earth alloy produced when cutting said rare earth alloy, and the process which removes a 
sludge from said collected drainage system cutting fluid before controlling the 
temperature of said drainage system cutting fluid. 

[Claim 10] The process which controls the temperature of said drainage system cutting 
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fluid is the cutting proces^^the rare earth alloy according^fclaim 9 characterized by to 
include the process which mixes the process which adjusts the temperature of some 
drainage system cutting fluid from which the sludge was removed, and some [ by which 
said temperature was adjusted ] drainage system cutting fluid and the remaining drainage 
system cutting fluid with which temperature is not adjusted, and to supply said mixed 
drainage system cutting fluid between said wires and said rare earth alloys. 
[Claim 11] Cutting process of a rare earth alloy given in any of claims 1-10 characterized 
by separating the sludge of said rare earth alloy produced when cutting said rare earth 
alloy by magnetism from the inside of said drainage system cutting fluid they are. 
[Claim 12] Cutting process of the rare earth alloy according to claim 11 characterized by 
using the magnetic separator which shows the magnetism of 0.27 teslas or more in the 
field which collects said sludges. 

[Claim 13] Cutting process of a rare earth alloy given in any of claims 1-12 characterized 
by using wire saw equipment equipped with two or more rollers which two or more ring- 
like slots were formed in the periphery in the predetermined pitch, and were supported 
pivotable, and the driving means which makes it run said wire twisted around said slot of 
said roller while rotating said roller they are. 

[Claim 14] Cutting process of the rare earth alloy according to claim 13 characterized by 
cutting said rare earth alloy, going caudad from the upper part and dropping said rare 
earth alloy to said wire. 

[Claim 15] Cutting process of the rare earth alloy according to claim 14 characterized by 
holding where said rare earth alloy is divided into two or more blocks, and performing a 
part of supply [ at least ] of said drainage system cutting fluid through the gap of a block 
of said plurality. 

[Claim 16] Cutting process of the rare earth alloy according to claim 14 characterized by 
carrying out by making it run said wire in said cutting fluid to which supply of said 
cutting fluid is supplied from opening of a cutting fluid tub. 
[Claim 17] The manufacture approach of the rare earth alloy plate characterized by 
including the process which produces the ingot of a rare earth alloy, and the process 
which separates two or more rare earth alloy plates from the ingot of said rare earth alloy 
using the cutting process of a rare earth alloy given in any of claims 1-16 they are. 
[Claim 18] The manufacture approach of the rare earth alloy magnet characterized by 
including the process which produces a sintered compact from rare earth magnet alloy 
powder, and the process which separates two or more rare earth alloy magnets from said 
sintered compact using the cutting process of a rare earth alloy given in any of claims 1- 
16 they are. 

[Claim 19] The voice coil motor characterized by having the rare earth alloy magnet 
produced by the manufacture approach of a rare earth alloy magnet according to claim 
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[Claim 20] The voice coil motor according to claim 19 characterized by being in the 
range whose thickness of said rare earth alloy magnet is 0.5-3.0mm. 



[Translation done.] 
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* NOTICES * 




Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the cutting process and cutting 
equipment of a rare earth alloy. It is related with the approach of cutting a rare earth alloy 
using the wire which made the detail fixing superabrasives, such as a diamond abrasive 
grain, more. 
[0002] 

[Description of the Prior Art] Conventionally, in order to cut down many wafers from the 
ingot of silicon, the technique of using a wire saw and cutting an ingot is developed, for 
example, it is indicated by JP,6-8234,A. According to such a technique, cutting / cutting 
processing of an ingot is performed supplying the slurry which contains a grinding 
abrasive grain to the multi-wire it runs, and it becomes possible to cut down the wafer of 
fixed thickness to several multi-sheet coincidence. 

[0003] The technique which slices an ingot from the former as an approach of cutting the 
ingot of a rare earth alloy, on the other hand using the slicing blade rotated, for example 
is known. However, according to the approach of cutting with a slicing blade, since it is 
large compared with a wire gage, the chipping allowance of thickness of a cutting cutting 
edge surely increases, and it cannot aim at a deployment of a resource. 
[0004] The rare earth alloy is suitably used as for example, a magnet ingredient. Since a 
magnetic application is diversified and it is widely used also for various kinds of 
electronic equipment, if the wafer of predetermined thickness is producible from the 
ingot of a rare earth alloy to several multi-sheet coincidence in few chipping allowances 
with a wire saw, the manufacturing cost of a rare earth magnet will be reduced sharply. 
[0005] 

[Problem (s) to be Solved by the Invention] However, there is still no report that the rare 
earth alloy was cut using the practical wire saw technique. If it is going to perform 
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cutting processing process!^by the loose grain mold wire^^ to the ingot of a rare earth 
alloy, as a result of getting a slurry circulation pipe blocked for a short time extremely for 
the fines and grinding waste (as ** or a sludge) generated by wire saw processing 
according to the experiment of artificers, the slurry was no longer supplied on the wire 
and it turned out that a wire piece will arise. Since it must stop having to interrupt 
processing by the wire saw at every slurry exchange when the whole slurry is exchanged 
completely every several hours, in order to avoid this problem, it is not suitable for mass 
production and utilization becomes impossible. Moreover, the bank and because [ its ] it 
became empty, cutting force increased also to cutting Mizouchi remarkably, and the 
sludge also understood much more becoming easy to produce a wire piece. Furthermore, 
it also turned out during cutting processing processing that phenomena ~ a wire carries 
out a deslot — occur frequently also into the slot on the roller from the roller with which 
the bank and the wire to like are twisted, and, as for a sludge, there is a problem that 
cutting precision falls remarkably. In case each of these problems cuts the ingot of silicon 
or glass with the conventional wire saw technique, they does not appear. 
[0006] Moreover, according to the loose grain mold wire saw of a type which made the 
abrasive grain float in a slurry, since an abrasive grain rolled at the time of cutting 
processing, there was also a problem that improvement in the amount of cutting per unit 
time amount (cutting speed) was difficult. Especially, a rare earth alloy is hard compared 
with silicon or glass, and it is sticky, and since it is the ingredient which is hard to cut, 
when a rare earth alloy is cut using a loose grain mold wire saw, cutting speed becomes 
quite slow. 

[0007] JP,8-126953,A is indicating the technique of cutting a silicon ingot by making 
water into a coolant, using the wire which has bonded abrasive. However, if this 
technique is used for cutting of a rare earth alloy, since eccritic is bad, the same problem 
as the case where it is a loose grain will produce the sludge of a rare earth alloy. 
[0008] This invention is made in view of these many points, and the main purpose is to 
offer the cutting process of the rare earth alloy which can raise cutting speed while it 
prevents a wire piece and makes prolonged continuous running possible. 
[0009] Moreover, other purposes of this invention are to offer the voice coil motor 
equipped with the manufacture approach of a rare earth alloy magnet of having used the 
cutting process of the above-mentioned rare earth alloy, and the rare earth alloy magnet 
concerned. 
[0010] 

[Means for Solving the Problem] The cutting process of the rare earth alloy of this 
invention is the cutting process of the rare earth alloy using the wire which made the 
abrasive grain fix, and while the surface tension in 25 degrees C supplies the drainage 
system cutting fluid which is within the limits of 33 mN/m - 49 mN/m between said wires 
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and said rare earth alloys, (ft characterized by cutting said^^e earth alloy. 

[0011] As said drainage system cutting fluid, the thing containing a glycol can be used 

suitably. 

[0012] Or the thing containing synthetic lubricant can also be used as said drainage 
system cutting fluid. 

[0013] Said drainage system cutting fluid may also contain a defoaming agent. Moreover, 
as for said drainage system cutting fluid, it is desirable that PHs are 9-11. Said drainage 
system cutting fluid may also contain a rusr-proofer. 

[0014] What contains the abrasive grain made to fix with phenol resin as said wire can be 
used suitably. As an abrasive grain, a diamond abrasive grain is used suitably. 
[0015] It is desirable to include the process which controls the temperature of said 
drainage system cutting fluid. 

[0016] It is desirable to include further the process which collects the drainage system 
cutting fluid containing the sludge of said rare earth alloy produced when cutting said 
rare earth alloy, and the process which removes a sludge from said collected drainage 
system cutting fluid before controlling the temperature of said drainage system cutting 
fluid. 

[0017] The process which controls the temperature of said drainage system cutting fluid 
includes the process which mixes the process which adjusts the temperature of some 
drainage system cutting fluid from which the sludge was removed, and some [ by which 
said temperature was adjusted ] drainage system cutting fluid and the remaining drainage 
system cutting fluid with which temperature is not adjusted, and you may make it supply 
said mixed drainage system cutting fluid between said wires and said rare earth alloys. 
[0018] You may make it magnetism separate the sludge of said rare earth alloy produced 
when cutting said rare earth alloy from the inside of said drainage system cutting fluid. 
[0019] It is desirable to use the magnetic separator which shows the magnetism of 0.27 
teslas or more in the field which collects said sludges. 

[0020] Two or more ring-like slots are formed in a periphery in a predetermined pitch, 
and cutting process of the aforementioned rare earth alloy can be suitably performed 
using wire saw equipment equipped with two or more rollers supported pivotable and the 
driving means which makes it run said wire twisted around said slot of said roller while 
rotating said roller. 

[0021] It is desirable to cut said rare earth alloy, going caudad from the upper part and 
dropping said rare earth alloy to said wire. 

[0022] It holds, where said rare earth alloy is divided into two or more blocks, and it may 
be made to perform a part of supply [ at least ] of said drainage system cutting fluid 
through the gap of a block of said plurality. Or you may carry out by making it run said 
wire in said cutting fluid to which supply of said cutting fluid is supplied from opening of 
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a cutting fluid tub. 

[0023] The manufacture approach of the rare earth alloy plate by this invention is 
characterized by including the process which produces the ingot of a rare earth alloy, and 
the process which separates two or more rare earth alloy plates from the ingot of said rare 
earth alloy using the cutting process of an above-mentioned rare earth alloy. 
[0024] The manufacture approach of the rare earth alloy magnet by this invention is 
characterized by including the process which produces a sintered compact from rare earth 
magnet alloy powder, and the process which separates two or more rare earth alloy 
magnets from said sintered compact using the cutting process of an above-mentioned rare 
earth alloy. 

[0025] The voice coil motor by this invention is characterized by having the rare earth 
alloy magnet produced by the manufacture approach of said rare earth alloy magnet. 
[0026] The thickness of said rare earth alloy magnet may be in the range of 0.5-3. 0mm. 
[0027] 

[Embodiment of the Invention] The invention-in-this-application person cut the rare earth 
alloy using the wire which made the abrasive grain fix for the purpose which raises 
cutting speed. Since ** of the abrasive grain at the time of cutting can prevent ** by 
fixing an abrasive grain to a wire, cutting speed improves. When based on this approach, 
the slurry for making an abrasive grain float becomes unnecessary, but in order to flush a 
sludge from the cutting section (it discharges), it is necessary to fully supply cutting fluid 
to a cutting processing part. According to the experiment of this invention person, when 
water (tap water) was used as cutting fluid, it turned out that cutting force increases [ the 
sludge of a rare earth alloy ] to cutting Mizouchi remarkably because [ its ] it becomes 
empty, the bank and, and it becomes easy to produce a wire piece. Also in the case of a 
loose grain mold, such a phenomenon is seen as mentioned above. However, since the 
amount of the sludge shaved [ rare earth alloy / which is a candidate for cutting ] by unit 
time amount increases when using the wire which made the abrasive grain fix, increase of 
cutting force poses a bigger problem. 

[0028] Moreover, when a rare earth alloy was cut using water as cutting fluid, the wear of 
a wire which has bonded abrasive was intense, and as a result of the cutting capacity of a 
wire declining between short time, it turned out that cutting speed falls greatly. Since a 
rare earth alloy is an ingredient with stickiness it is hard and high, its friction produced 
between a wire and a rare earth alloy at the time of cutting is large. When cutting a rare 
earth alloy, using water as cutting fluid, it is thought that this friction cannot fully be 
reduced. When this also cut the ingot of silicon with easier cutting than a rare earth alloy, 
or glass, it had not become a big problem, either. 

[0029] Moreover, if the condensed sludge checks circulation of cutting fluid within the 
cutting fluid circulation pipe in wire saw equipment, since a cutting fluid circulation pipe 
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will be got blocked by it, uKss cutting fluid is exchanged n^uently, it becomes 
impossible to carry out continuous running of long duration. It is thought that it is 
produced since precipitate and condensation of a sludge have the large specific gravity of 
the iron which constitutes a rare earth alloy, and rare earth elements. When the ingot of 
silicon or quartz glass was cut using a wire saw, the sludge was promptly flushed with 
cutting fluid, precipitate and condensation of a sludge were hardly produced, and 
especially the big problem resulting from that was not generated until now. 
[0030] this invention person found out that cutting force could be reduced by using the 
drainage system cutting fluid which has the surface tension of the predetermined range 
instead of using water as cutting fluid. As for the surface tension in 25 degrees C of 
drainage system cutting fluid, it is desirable that it is within the limits of 33 mN/m - 49 
mN/m so that it may mention later. Since the permeability (wettability or concordance) 
over the cutting edge containing a diamond system abrasive grain is excellent compared 
with water, the drainage system cutting fluid which has the above-mentioned surface 
tension within the limits is considered for drainage system cutting fluid to permeate 
efficiently the cutting section (part by which a rare earth alloy and a. cutting edge contact 
and a rare earth alloy is cut). In addition, the surface tension of cutting fluid is measured 
using the DEYUNUI surface tension balance known well. Moreover, since water is used 
as a principal component and the specific heat is generally large compared with cutting 
oil (straight mineral oil is included typically), drainage system cutting fluid is excellent in 
cooling effectiveness. Furthermore, there is also an advantage which can prevent having a 
bad influence on natural environment by abandonment processing of cutting fluid. 
[0031] Although the drainage system cutting fluid used by the cutting approach of this 
invention was specified using the surface tension of 25 degrees C, the temperature of the 
drainage system cutting fluid at the time of actually using it is not restricted to 25 degrees 
C. However, in order to acquire the effectiveness of this invention, it is desirable to use 
the drainage system cutting fluid by which temperature control was carried out within the 
limits of 15 degrees C - 35 degrees C. For example, in early stages, when using it, 
circulating cutting fluid, the temperature of the cutting fluid supplied at the comparatively 
low temperature of room temperature extent rises with steps, when cutting fluid absorbs 
the frictional heat generated between a wire and a rare earth alloy. While using it, 
circulating cutting fluid, the temperature of cutting fluid can exceed about 50 degrees C. 
Since it depends for the surface tension of a liquid on temperature as known well, if it 
separates not much from the temperature requirement of the above [ the temperature of 
the actually used drainage system cutting fluid ], the surface tension of drainage system 
cutting fluid will be in the condition of having resembled well the condition of having 
separated from the above-mentioned numerical range, and a cutting efficiency will fall. 
[0032] The surface tension of drainage system cutting fluid can be easily adjusted within 
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the limits of the above by SPisting a glycol (a glycol derivSPe being included), and the 
class and amount of a surfactant to add. The surface tension of the above-mentioned 
range can also be obtained by replacing with these and adding in water the so-called 
synthetic lubricant called "synthetic [ synthetic (Synthetic) ]." These can also be mixed 
and used. 

[0033] When water is used as cutting fluid, it is thought that above-mentioned fault 
occurred in the following reasons. 

[0034] The width of face of the cutting slot formed in a rare earth alloy with a wire is 
narrow (for example, 0.3mm or less) one, and it is difficult to supply direct cutting fluid 
to a cutting slot, and cutting fluid is supplied to a wire and supplied to cutting Mizouchi 
in the condition of having made it adhering to a wire. If the wettability to the wire of the 
cutting fluid supplied by such approach is low, it will become easy to be desorbed from a 
wire, sufficient amount will no longer be supplied to cutting Mizouchi, and the 
effectiveness of cutting fluid will fall. Furthermore, the permeability to the cutting edge 
of cutting fluid also falls. 

[0035] That is, the cutting fluid of sufficient amount for cutting Mizouchi is not supplied, 
but if the permeability to a cutting edge is low, it will increase, a cutting efficiency will 
fall, possibility that a wire piece will be generated will become high, and cutting force 
will also produce the problem that the process tolerance of the cutting plane of a rare 
earth magnet falls further. Moreover, cutting force increases by the sludge which eccritic 
[ of a sludge ] fell, and the sludge of a rare earth alloy with large specific gravity became 
that it is hard to be discharged from a cutting slot, consequently accumulated in 
Mizouchi. Since it is hard compared with sludges, such as silicon, when a sludge is not 
discharged, cutting force will increase the sludge of a rare earth alloy remarkably. 
Moreover, a wire cannot fully be cooled, but the temperature of a wire carries out an 
abnormality rise, the anomalous attrition of a wire and abnormality degraining of an 
abrasive grain (typically diamond system abrasive grain) arise, and a cutting efficiency 
and process tolerance fall. 

[0036] The drainage system cutting fluid which has the surface tension of the above- 
mentioned range has moderate wettability to a wire (and rare earth alloy), and is fully 
supplied to a narrow cutting slot. Moreover, also when using it, having circulated cutting 
fluid and continuous running is performed over a long time by adjusting the temperature 
of cutting fluid, while being able to maintain cutting fluid to the temperature of the 
predetermined range, the surface tension of cutting fluid is always controllable within the 
limits of a request. It becomes possible to prevent the increment in cutting force and to 
cut a rare earth alloy with a sufficient precision efficiently by this. In addition, since the 
lubricity and viscosity (kinematic viscosity) of cutting fluid also influence cutting- ability 
ability, the range of the desirable surface tension of cutting fluid may change somewhat 
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with classes of cutting fluW6 be used. 

[0037] In addition, especially the viscosity of cutting fluid influences eccritic [ of a 
sludge ]. Although the kinematic viscosity of drainage system cutting fluid is generally 
low compared with cutting oil, and the kinematic viscosity of drainage system cutting 
fluid other than a glycol system is not based on temperature but it is about lmm2/s, the 
kinematic viscosity of the cutting fluid containing a glycol is comparatively high, and its 
temperature dependence is also large. Since it may become that a cutting slot is fully hard 
to be supplied even if it has the surface tension of the above-mentioned range when 
kinematic viscosity exceeds 67mm2/s, as for the kinematic viscosity of the cutting fluid 
supplied between a wire and a rare earth alloy, it is desirable that it is less than 
[ 67mm2/s ]. Of course, it is desirable that the temperature of cutting fluid is within the 
limits of 15 to 35 degrees C also in this case. Furthermore, as for the temperature of 
cutting fluid, it is desirable that it is within the limits of 20 to 25 degrees C. 
[0038] Moreover, since viscosity is comparatively low, drainage system cutting fluid can 
classify rare earth alloy waste from the sludge generated by cutting easily using a magnet, 
and can reuse drainage system cutting fluid. For example, when carrying out the cyclic 
use of waste water of the drainage system cutting fluid, while preventing plugging within 
the circulation pipe of cutting fluid, frequent exchange of cutting fluid can be made 
almost unnecessary, and a run length can be remarkably improved as compared with the 
conventional technique. Moreover, it can prevent having a bad influence on natural 
environment by abandonment processing of drainage system cutting fluid. In addition, 
since the time amount by which a rare earth alloy is put to drainage system cutting fluid 
is comparatively short, the property of a rare earth alloy does not deteriorate by oxidation 
in the meantime. 

[0039] The travel speed of a wire is quick (a part for for example, thousands of part [ for 
hundreds of ml- ], and ml) one, drainage system cutting fluid may foam at it, and cooling 
effectiveness may fall. By using the drainage system cutting fluid containing a defoaming 
agent, decline in the cooling effectiveness by foaming of drainage system cutting fluid 
can be controlled. Furthermore, the corrosion of a rare earth alloy can be controlled by 
using the drainage system cutting fluid which has PH within the limits of 9-11. Moreover, 
oxidation of a rare earth alloy can be controlled by using the drainage system cutting 
fluid containing a rusr-proofer. What is necessary is just to adjust these suitably in 
consideration of a class, processing conditions, etc. of a rare earth alloy. 
[0040] (Operation gestalt) The operation gestalt of the manufacture approach of the rare 
earth alloy plate by this invention is explained hereafter. With this operation gestalt, what 
permuted a part of Nd of compound Nd-Fe-B of the ternary system which uses 
neodymium (Nd), iron (Fe), and boron (B) as a principal component as a rare earth alloy, 
or Nd-Fe-B by Dy (dysprosium), and permuted a part of Fe by Co (cobalt) is used. Nd- 
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Fe-B is known as a power^Pieodymium magnet ingredienWfith which a maximum 
energy product exceeds 320 kJ/m3. 

[0041] How to produce the ingot of Nd-Fe-B is explained briefly, referring to the flow 
chart of drawing 1 . In addition, the approach of producing the rare earth alloy as a 
magnet ingredient is indicated by for example, the U.S. Pat. No. 4,770,723 specification 
at the detail. 

[0042] First, after carrying out weighing capacity of the raw material to a predetermined 
component ratio correctly at step SI of drawing 1 , a raw material is dissolved with the 
RF fusion furnace of a vacuum or an argon gas ambient atmosphere at step S2. The 
dissolved raw material is cast to water-cooled mold, and the raw material alloy of a 
predetermined presentation is formed. A raw material alloy is ground at step S3, and 
impalpable powder with a mean particle diameter of about 3-4 micrometers is produced. 
Impalpable powder is put into metal mold by step S4, and press forming is carried out in 
a field. Press forming is performed after mixing impalpable powder with lubricant if 
needed at this time. Next, if an about about 1000-1200-degree C sintering process is 
performed at step S5, a neodymium magnet material is producible. Then, in order to raise 
magnetic coercive force at step S6, about 600-degree C aging treatment is performed, and 
production of a rare earth alloy ingot is completed. The size of an ingot is 
30mmx50mmx60mm. 

[0043] At step S7, cutting processing of a rare earth alloy ingot is performed, and two or 
more sheet metal (called a substrate or a wafer) cut from the ingot is formed. Before 
giving explanation after step S8, how to carry out cutting processing of the ingot of a rare 
earth alloy with the wire saw technique by this invention in the following is explained to 
a detail. 

[0044] Drawing 2 (a) and (b) are referred to. First, it fixes mutually with the adhesives 22 
which consist of an epoxy resin, and two or more ingots 20 produced by the above- 
mentioned approach are fixed to the work-piece plate 26 iron in the condition of having 
assembled as two or more blocks 24a- 24c. Fixing between the work-piece plate 26 and 
each blocks 24a-24c is also attained by adhesives 22. In the detail, the base plate 28 made 
from carbon which functions as a dummy has been arranged more between the work- 
piece plate 26 and each blocks 24a- 24c, and this base plate 28 made from carbon has also 
fixed through adhesives 22 to the work-piece plate 26 and each blocks 24a-24c. After 
cutting processing of Blocks 24a-24c is completed, the base plate 28 made from carbon 
receives cutting processing by the wire saw until downward actuation of the work-piece 
plate 26 stops, and is bearing a role of a dummy of protecting the work-piece plate 26. 
[0045] With this operation gestalt, each block size is designed so that the size of each 
blocks 24a-24c measured along the direction (the "wire transit direction" is called below) 
shown by the arrow head A of drawing 2 (a) may be set to about 100mm. Since the size 
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measured along the wire tURt direction about one ingot 2^m about 50mm, he is trying 
to constitute each of the above-mentioned blocks 24a- 24c from this operation gestalt by 
piling up what arranged the ingot 20 whose number is two along the wire transit 
direction. 

[0046] Although two or more ingots 20 fixed to the work-piece plate 26 are called a 
"work piece" as a whole, the following advantages are born by dividing this work piece 
into two or more blocks. 

[0047] When the wire transit direction size (the die length of a cutting slot) becomes 
large too much about the work piece of 1 padding exceeding the amount of drawing in of 
cutting fluid, the field where cutting fluid supply becomes inadequate among the cutting 
processing parts of a work piece occurs, and there is a possibility that a wire open circuit 
may arise by this. However, since the work piece of this operation gestalt is divided into 
the blocks 24a-24c of suitable size, it becomes possible to supply cutting fluid to the 
clearance between Blocks 24a-24c, and it can solve the problem that cutting fluid supply 
is insufficient. Moreover, since the sludge which accumulated between abrasive grains 
can also be flushed by this, cutting efficiency also improves. 
[0048] In order to supply cutting fluid to the clearance between Blocks 24a-24c, he 
arranges two cutting fluid delivery pipes 29 in the upper part of the work-piece plate 28, 
and is trying to inject fresh cutting fluid downward out of the cutting fluid delivery pipe 
29 through slit-like nozzle 29a with this operation gestalt. The cutting fluid delivery pipe 
29 receives the cutting fluid with which the fresh cutting fluid which does not contain a 
sludge, or a sludge was removed from the cutting fluid service tank mentioned later. The 
cutting fluid delivery pipe 29 has the structure of a double tube type, and the width of 
face of downward slit 29a changes to a longitudinal direction, and it is designed so that 
uniform cutting fluid supply may be realized. 

[0049] Although the work piece is divided into two or more blocks as mentioned above 
with this operation gestalt, as what magnitude the wire transit direction size about each of 
each blocks 24a-24c should be set changes also with the surface tension and the wire 
travel speeds of cutting fluid. Moreover, the number of ingots 20 and arrangement which 
constitute one block also change with the magnitude of each ingot 20. What is necessary 
is just to divide a work piece into the block of the optimal size suitably in consideration 
of these. Moreover, although the cutting fluid delivery pipe 29 is formed in the work- 
piece plate 26 bottom, you may make it supply cutting fluid between blocks with the 
work-piece plate 26 down side in this operation gestalt. 

[0050] Next, the principal part 30 of the wire saw equipment suitably used with this 
operation gestalt is explained, referring to drawing 3 A and drawing 3 B. This wire saw 
equipment is equipped with three Maine rollers 34a-34c with which one wire 32 is 
twisted also around many [-fold ]. Among these, although two Maine rollers 34a and 34b 
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are supported free [ rotati«f by wire saw equipment, it doWiot connect with the driving 
means of a motor etc. directly, but they function on it as a follower roller. On the other 
hand, it connects with the non-illustrated driving source, for example, motor, and by this 
driving source, Maine roller 34c can receive a desired turning effort, and can be rotated at 
a setting rate. Maine roller 34c functions as a driving roller in order to transmit turning 
effort to two Maine rollers 34a and 34b through a wire 32. 

[0051] A wire 32 is guided receiving the tension of several kg-wt according to rotation of 
the Maine rollers 34a-34c, and it is rolled round from the non-illustrated reel by the reel 
which is not illustrated [ other ], carrying out both- way transit at a predetermined rate (a 
part for for example, 600-1000m/). 

[0052] Two or more slots are formed in the periphery front face of the Maine rollers 34a- 
34c at equal intervals, and as one wire 32 is inserted in much Mizouchi, it is twisted 
around each roller. The array pitch (spacing of a wire train) of a wire 32 is prescribed by 
the pitch of this slot. With this operation gestalt, this pitch is set as about 2.0mm. Since 
this pitch is set up according to the thickness of the sheet metal which should be cut down 
by cutting processing, it will choose and use the multi-slot rollers 34a-34c which had a 
suitable pitch suitably. 

[0053] A wire 32 is formed from a hard drawn steel wire (piano wire), and, as for the 
size, an about 0.06-0.25mm thing is used. The cross-section configuration of a wire is 
shown in drawing 6 . In the front face of the wire core wire 61 used with this operation 
gestalt, the diamond abrasive grain 62 whose particle size is 30-60 micrometers has fixed 
with the resin film 63 so that drawing 6 may show. The resin film 63 is formed from 
phenol resin etc., and the thickness is 30-60 micrometers. As for spacing of abrasive 
grain 62 in the condition of having fixed, it is desirable that it is about 2 to 4 times the 
diameter of an abrasive grain 62. Moreover, it can replace with the resin film 63 and the 
diamond abrasive grain 62 can also be fixed by metal membranes, such as nickel. 
[0054] In addition, the wire core wire 61 may be formed from what bundled refractory 
metals, such as alloys, such as nickel-Cr and Fe-nickel, W, and Mo, or nylon fiber. 
Moreover, the ingredient of an abrasive grain may not be limited to a diamond, but may 
be SiC, B, C, CBN (Cubic BoronNitride), etc. 

[0055] A work piece is pressed against the part stretched and passed between Maine 
roller 34a and Maine roller 34b among the wires 32 it runs on the occasion of cutting 
processing processing. With this operation gestalt, cutting fluid can be supplied on a wire 
32 from at least three places, and cutting fluid supply from two places is performed using 
the clearance between blocks using the pipe 29 and slit-like nozzle 29a which have been 
arranged in the upper part of the work-piece plate 26 among those. Cutting fluid supply 
from remaining one place is performed using a nozzle 36 in drawing 3 B from the left- 
hand side of a work piece. In addition to these nozzles 29a and 36, supply of cutting fluid 
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may be additionally perfortBId from the location on the riglwland side of a work piece in 
drawing 3 B, using other nozzles. 

[0056] Furthermore, like [ the case where cutting fluid especially with low viscosity is 
used, and when the travel speed of a wire 32 is quick (a part for for example, 
lOOOm/above) ], when it is hard to supply cutting fluid to a wire 32, as shown in drawing 
3 B, cutting fluid can be more certainly supplied to a wire 32 by making it run the inside 
of the cutting fluid supplied by overflowing from cutting fluid tub 38 opening in a wire 
32 (for example, refer to JP,1 1-198020, A). 

[0057] With this operation gestalt, surface tension supplies the drainage system cutting 
fluid of 33 mN/m - 49 mN/m within the limits between a work piece and a wire. The 
width of face of the cutting slot formed in a work piece is very as narrow as about 0.3mm 
or less typically, and it is difficult to supply cutting fluid to a cutting slot directly. For this 
reason, cutting fluid is supplied to a wire, Mizouchi is made to draw this and it is made to 
discharge out of a slot after that with a wire. Thus, if the surface tension supplied is lower 
than 33 mN/m or higher than 49 mN/m, the wettability to a wire will be bad, and will not 
be supplied in sufficient quantity of a cutting fluid fang furrow, the sludge formed from a 
rare earth alloy with large specific gravity will become that it is hard to be discharged 
from a cutting slot, consequently cutting force will go up. Moreover, if sufficient quantity 
of cutting fluid is not supplied to cutting Mizouchi, lubricity sufficient between a wire 
and a rare earth alloy will not be obtained (sharpness falls), but the field roughness and 
dimensional accuracy of a cutting plane will worsen. Moreover, it is not controlled in the 
range where coefficient of friction of a cutting edge is proper, consequently the 
anomalous attrition of an abrasive grain happens, and the problem that the abrasiveness 
of a wire becomes high is also produced. Consequently, the life of a wire becomes short 
while cutting efficiency falls greatly. 

[0058] On the other hand, if the drainage system cutting fluid which has the surface 
tension of above-mentioned within the limits is used, since it will be supplied in 
sufficient quantity of a cutting fluid fang furrow, promptly, the sludge (namely, rare earth 
alloy powder with large specific gravity (the specific gravity of for example, a 
neodymium alloy is about 7.5)) produced in cutting Mizouchi of a rare earth alloy is 
flow, and is eliminated from a cutting field in the exterior of a cutting slot (high discharge 
effectiveness) . For this reason, the wire piece by the increment in cutting force and the 
problem of a cutting efficiency fall can be solved, without the sludge which accumulated 
in cutting Mizouchi barring transit of a wire strongly. Moreover, it is controlled in the 
range where coefficient of friction in a cutting edge is also proper. Furthermore, since the 
specific heat is high compared with cutting oil, drainage system cutting fluid is excellent 
also in cooling effectiveness, and can control and prevent the abnormality rise of the 
temperature by friction efficiently. Moreover, since viscosity is comparatively low, the 
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amount of the sludge carrilfty even the Maine roller with wire it runs is also 
reduced, and drainage system cutting fluid can also control the phenomenon in which a 
sludge accumulates in Mizouchi on the Maine roller. Consequently, a wire piece is 
prevented and there is also an advantage that a wire can be easily removed from a work 
piece after work-piece cutting termination. 

[0059] As drainage system cutting fluid, glycol system cutting fluid (YUSHIRO 
CHEMICAL INDUSTRY [ CO., LTD. ] make: WL-2) can be used, for example. With 
the class and molecular weight of the glycol to be used, the drainage system cutting fluid 
of desired surface tension can be prepared by adjusting the addition to water. 
[0060] Moreover, the cutting fluid which added the surfactant can also be used for water. 
As a surfactant, ARUKI roll amide systems, such as polyhydric-alcohol systems, such as 
polyoxyethylene systems, such as polyoxyethylene alkyl phenyl ether and 
polyoxyethylene mono-fatty acid ester, and sorbitan mono-fatty acid ester, or fatty-acid 
diethanolamide, can be used as an anion system as sulfonic acid types, such as sulfate 
molds, such as fatty-acid derivatives, such as fatty-acid soap and naphthenic-acid soap, or 
a long-chain alcoholic sulfate, and sulfated oil of animal and vegetable oils, or a 
petroleum sulfonate, and a non-ion system. Specifically, surface tension can be adjusted 
within suitable limits by adding chemical solution type JP-0497N (castrol company 
make) about 2% of the weight in water. 

[0061] Furthermore, the cutting fluid which added synthetic lubricant can also be used for 
water. As synthetic type composition lubricant, a synthetic solution type, a synthetic 
emulsion type, and a synthetic soluble type can be used, and also in it, a synthetic 
solution type is desirable and, specifically, can mention SHINTAIRO#870 [ 9954 (castrol 
company make) ] (YUSHIRO CHEMICAL INDUSTRY CO., LTD. make). All can 
adjust surface tension within suitable limits by adding about 2% of the weight in water. 
[0062] Moreover, the corrosion of a rare earth alloy can be prevented by making cutting 
fluid contain a rust preventive. Here, as for PH, being referred to as 9-11 is desirable. As 
a rust preventive, a phosphoric acid salt, a borate, molybdate, a tungstate, or a carbonate 
can be used as amines, such as carboxylate, such as oleate and a benzoate, or 
triethanolamine, and an inorganic system as an organic system. 
[0063] Moreover, nitrides, such as bends triazole, can be used as nonferrous metal 
anticorrosives, and formaldehyde donators, such as hexa hydro triazine, can be used as 
antiseptics, for example. 

[0064] Moreover, a silicone emulsion can be used as a defoaming agent. By making a 
defoaming agent contain, foaming of cutting fluid is lessened, the permeability to the 
cutting slot on the cutting fluid is improved, the cooling effect increases, and an 
abnormality rise and anomalous attrition of the temperature of a wire 32 stop being able 
to happen easily. 
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[0065] Such drainage systWFcutting fluid cannot pollute anwivironment easily 
compared with non- water solubility cutting fluid (oil). Moreover, the danger of emitting 
smoke and ignition is safe for drainage system cutting fluid few, and if drainage system 
cutting fluid is used, work environment is improvable, since an oil mist is not generated. 
Furthermore, since it is easy to remove a sludge, drainage system cutting fluid is also an 
ingredient suitable for a reuse (cyclic use of waste water). 

[0066] Drawing 3 B is referred to. On the occasion of cutting processing processing of a 
work piece, the work-piece plate 26 is moved along with an arrow head D downward at 
the rate of predetermined (a part for for example, 0.5- 1.0mm/) by the non-illustrated 
driving gear, and pushes the work piece fixed to the work-piece plate 26 against the wire 
32 it runs in a level longitudinal direction (the direction of arrow-head A). By supplying 
the cutting fluid of amount sufficient between a work piece and a wire 32, a sludge can be 
discharged from between a work piece and wires 32, and a work piece can be 
continuously cut by it. Although cutting efficiency will improve if fall velocity of the 
work-piece plate 26 is made quick, since cutting force goes up, the flapping phenomenon 
of a wire 32 occurs, and there is a possibility that the flatness of a work-piece cutting 
plane may worsen. Flatness degradation of a work-piece cutting plane increases the time 
amount which a polish activity at a next process takes, or makes the probability of 
occurrence of a defective increase. Therefore, it will be necessary to set up the fall 
velocity of a work piece, i.e., the cutting speed of a work piece, within suitable limits. 
[0067] The wire 32 arranged at constant pitch carries out grinding of the work piece as a 
multi-wire saw, the channel depth is increased, carrying out coincidence formation of 
many processing slots (cutting slot) in connection with it at a work piece, and cutting 
processing is made to advance by descent of a work piece. When a processing slot 
crosses each ingot completely, cutting processing of the ingot is attained and many 
wafers of the thickness decided by the pitch of a wire train and the size of a wire are cut 
down by coincidence. After cutting of all the ingots 20 is completed, the work-piece plate 
26 is raised along with an arrow head D by the above-mentioned driving gear. Then, 
while each block is separated from the work-piece plate 26, the cut wafer will be 
separated from each block. 

[0068] With this operation gestalt, in order to perform cutting processing, dropping a 
work piece from the upper part of a wire 32, the work-piece plate 26 descends with the 
condition of having combined with the work-piece plate 26 still more the ingot 20 which 
received cutting processing with adhesives. Thus, since it is located under the wire, even 
if the part of a work piece processed [ cutting ] dissociates and falls out from the body of 
a work piece, there is no possibility of 20 ingot which received cutting processing that the 
omission part may contact a wire 32 again. Therefore, an alloy plate [ finishing / cutting 
processing ] will be turned to the following process in the state of high quality. 
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[0069] Next, the outline cWiguration of the cutting fluid delation system of wire saw 
equipment 40 is explained, referring to drawin g 4 . As typically shown in drawin g 4 , 
while supplying cutting fluid to the principal part 30 of wire saw equipment, in 
equipment 40, the cutting fluid circulation system for collecting the used cutting fluid 
containing the sludge formed of processing is prepared. 

[0070] In the case of this equipment 40, on the occasion of cutting processing of a work 
piece, cutting fluid is supplied to the cutting fluid delivery pipe 29 on the work-piece 
plate 26 shown in drawing 3 A and drawing 3 B and a nozzle 36, or the cutting fluid tub 
38 of drawing 3 C through the 1st circulation pipe 44 from the cutting fluid service tank 
42. A pump PI is used at this time. The cutting fluid used for cutting processing is 
dropped from a processing part and its circumference, and is received by the recovery 
drain 37 located caudad and its processing machine drain 37' prepared caudad. Cutting 
fluid is carried to ****** 54 through the 2nd circulation pipe 46 from the recovery drain 
37 and processing machine drain 37', and after it receives the sludge separation 
processing by the magnetic separator 50 mentioned later there, it is accumulated in the 
recovery tank 48. The cutting fluid which returned to the condition near the condition 
before cutting processing is sent to the cutting fluid service tank 42 through the 3rd 
circulation pipe 49 by this sludge separation processing. A relay pump P2 is used at this 
time. Filter F is inserted in the middle of the 3rd circulation pipe 49, and Filter F can 
remove the sludge which was not removed by the magnetic separator 50. As a filter F, a 
saccate bag filter is used suitably. 

[0071] In addition, the cutting fluid service tank 42 can settle the detailed sludge which 
might penetrate Filter F. For this reason, it is possible to reduce further the amount of the 
sludge which remains in the cutting fluid sent to the principal part 30 through the 1st 
circulation pipe 44. At this time, since the magnetic separator 50 is magnetized, it 
condenses and a detailed sludge is easy to precipitate by it. 

[0072] Thus, with this operation gestalt, in order to perform separation removal (filtering) 
of a sludge efficiently, performing supply and recovery of cutting fluid cyclically, it 
enables it to prolong spacing of a cutting fluid exchange activity remarkably, and to 
continue cutting processing processing continuously over long duration. In addition, in 
order to maintain the surface tension of cutting fluid to request within the limits, water or 
new cutting fluid may be supplied with a suitable time interval. In this case, when surface 
tension of cutting fluid is surveyed periodically and surface tension separates out of a 
setting range, you may make it supply water or new cutting fluid in equipment (for 
example, cutting fluid service tank 42) at any time. Partial supply of such cutting fluid 
differs from whole-quantity-exchange of cutting oil greatly at the point which can be 
performed without interrupting cutting processing processing. 

[0073] Next, a magnetic separator 50 is explained, referring to drawin g 5 . This magnetic 
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separator 50 can separate tbdge from the separation tub f^^hich stored the used 
cutting fluid (dirty liquid) 52 containing a sludge using magnetism. Separation wall 54a is 
prepared in the separation tub 54. This separation wall 54a has the function to make a big 
sludge sediment to the separation tub 54. The fine sludge which was able to float in dirty 
liquid 52 and was able to overcome separation wall 54a with dirty liquid 52 will be 
magnetically separated by the approach of explaining in full detail below. 
[0074] The magnetic separator 50 is equipped with the drum 56 on which the powerful 
magnet has been arranged inside, and the squeezing roller 57 which rotates while sticking 
to a part of peripheral face of a drum 56. Being supported pivotable centering on a fixed 
shaft, the drum 56 is arranged so that cutting fluid 52 may be partially contacted within 
the separation tub 54. The squeezing roller 57 is formed from oil resistant rubber etc., and 
a pressure welding is carried out by the energization force of a spring to the peripheral 
face of a drum 56. If a drum 56 rotates in the direction of an arrow head by the non- 
illustrated motor, the rotation will give frictional force to a squeezing roller 57, and will 
carry out the rotation drive of the squeezing roller 57. 

[0075] The sludge which floats in cutting fluid 52 sticks to the peripheral face of the 
rotating drum 56 with the magnet in a drum 56. The sludge which stuck to the peripheral 
face of a drum 56 is removed out of cutting fluid 52 with rotation of a drum 56, and 
passes through between a drum 56 and squeezing rollers 57. Soon, by the scraper 58, a 
sludge is scratched from the front face of a drum 56, and are collected in the sludge box 
59. Thus, the cutting fluid from which the sludge was removed is carried by the recovery 
tank 48 with a pipe 60 from the edge in the longitudinal direction of a drum 56. The 
structure of a desludging means usable as such a magnetic separator 50 is indicated by 
JP,63-23962,Y. According to the experiment of the artificer who explains later, in order 
to draw near to the front face of a drum 56 the sludge of the rare earth alloy in cutting 
fluid, it is desirable to make the magnetism in the peripheral face (sludge recovery side) 
of the drum 56 in cutting fluid 52 into 0.27 teslas or more, and it is still more desirable to 
make it 0.3 teslas or more. By having used drainage system cutting fluid with low 
viscosity, the advantage of making easy recovery of the rare earth alloy sludge by the 
magnetic separator 50 can also be acquired. It is because the viscous drag which the 
sludge which moves in the inside of the field formed into cutting fluid 52 receives is 
reduced, so it becomes possible to collect many sludges efficiently. 
[0076] If a sludge is efficiently removed using such a separator, since the sludge which 
can maintain low the concentration of the sludge contained in the cutting fluid by which 
the cyclic use of waste water is carried out, and is supplied to a cutting edge with cutting 
fluid can be lessened, the cutting load which a wire receives can be maintained at level 
small enough over a long period of time by the work-piece cutting plane. 
[0077] Hereafter, the configuration of the cutting fluid circulation system 70 of another 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 8/30/2004 



THIS PAGE BLANK (uspto; 



Page 16 of 24 



gestalt equipped with the fl^erature control machine is ex^Juned, referring to drawin g 
7 and drawin g 8 . In addition, the same reference mark is attached about the part which 
has the same configuration to the circulation system shown in above-mentioned drawin g 
4 and drawing 5 . Below, the part which has a different configuration from the circulation 
system shown in above-mentioned drawin g 4 and drawin g 5 is mainly explained. 
[0078] In the cutting fluid circulation system 70 shown in drawin g 7 , cutting fluid is 
supplied to the principal part 30 of wire saw equipment through the 1st circulation pipe 
76 on the occasion of cutting processing of a work piece from a purge 72. The dirty liquid 
received on the other hand by the recovery drain 37 and processing machine drain 37' 
which were prepared in the principal part 30 is carried by the purge 72 through the 2nd 
circulation pipe 78, and after it receives the sludge separation processing by an above- 
mentioned magnetic separator 50 and an above-mentioned bag filter 84 there, it is 
accumulated in the recovery tank 48 (the separation tub 82 and temperature control tub 
92). 

[0079] On the whole in the principal part 30, the temperature of the cutting fluid which 
circulates through a circulation system 70 rises by absorbing the frictional heat generated 
between a wire and a rare earth magnet. A rise of the temperature of cutting fluid will 
increase the cutting force in cutting by the short supply to the cutting slot of the cutting 
fluid resulting from the surface tension of cutting fluid, and decline in cooling 
effectiveness. On the other hand, in a circulation system 70, the temperature of the 
cutting fluid by which the cyclic use of waste water is carried out is maintainable in a 
predetermined temperature requirement using the temperature control machine 74 
connected to the purge 72. As a temperature control machine 74, the well-known 
temperature control machines (for example, temperature controller given in JP,8-25125,B 
etc.) equipped with the heat exchanger etc. could be used, and the temperature control 
machine 74 is preferably equipped with both the cooling function and the heating 
function. 

[0080] The temperature control machine 74 is controlled to operate, when the 
temperature of cutting fluid rises exceeding a predetermined value, and can control the 
temperature of the cutting fluid supplied to the principal part 30 to predetermined within 
the limits. Thus, if temperature control of cutting fluid is performed, since it will maintain 
the surface tension of the cutting fluid supplied between a wire and a rare earth magnet 
within suitable limits and cutting force will not be made to increase, cutting fluid cannot 
be exchanged but ** can also perform cutting of a rare earth magnet continuously. 
[0081] Next, the configuration of a purge 72 is explained, referring to drawing 8 . This 
purge 72 consists of the separation section 80 equipped with an above-mentioned 
magnetic separator 50 and the above-mentioned separation tub 82, and a temperature 
controller 90 equipped with the temperature control tub 92. The separation tub 82 and the 
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temperature control tub 9^B! separated by the septum 88, WKl a septum 88 prevents that 
cutting fluid moves freely between tubs. In the upper part of a septum 88, free passage 
section 88a (clearance between the septum partial upper parts which has height lower 
than the height of the side attachment wall of each tubs 82 and 92 in the gestalt shown in 
drawin g 8 ) is formed, and cutting fluid can move through free passage section 88a 
between tubs. That is, the separation tub 82 and the temperature control tub 92 are 
connected possible [ a free passage ] so that a fluid can move only in the location of the 
upper part of each tub. 

[0082] In the separation section 80, the dirty liquid carried from wire saw equipment is 
supplied to a magnetic separator 50 and a bag filter 84. A magnetic separator 50 has the 
capacity to process a lot of cutting fluid for a short time, and is suitable for removing a 
comparatively large sludge. On the other hand, the bag filter is suitable for removing a 
comparatively small sludge. If the supply rate of the cutting fluid to each decollator is 
appropriately set up according to the throughput of each decollator (a magnetic separator 
50 and bag filter 84), the magnitude of the sludge contained in cutting fluid, an amount, 
etc., it is possible to make a sludge separate efficiently. A magnetic separator 50 and the 
supply rate of the cutting fluid to a bag filter 84 are set as 8:2. However, the gestalt of a 
decollator may be a gestalt which filters some cutting fluid which was not restricted to 
this, for example, came out of the magnetic separator 50 with a bag filter 84. 
[0083] The cutting fluid from which the sludge was removed by the magnetic separator 
50 is carried to the separation tub 82 with a pipe 85 from the edge in the longitudinal 
direction of a drum 56. Moreover, the cutting fluid from which the sludge was removed 
with the bag filter 84 is carried to the separation tub 82 with a pipe 86. The volume of the 
separation tub 82 is set as about 200 L. 

[0084] From opening of pipes 85 and 86, by the septum 88, the cutting fluid which 
flowed into the separation tub 82 piles up in the separation tub 82 temporarily, and does 
not flow into the temperature control tub 92 directly. Therefore, the sludge which was 
able to be removed neither with a magnetic separator 50 nor a bag filter 84 can be made 
to sediment in the separation tub 82. Consequently, only the supernatant part of the 
cutting fluid in the separation tub 82 flows into the temperature control tub 92 over a 
septum 88. 

[0085] The sludge which sedimented by the separation tub 82 is returned to a magnetic 
separator 50 with the sludge absorption pump 87. The opportunity into which can reduce 
the amount of the sludge in the separation tub 82, and such a sludge is made by this to 
divide by the magnetic separator 50 again can be obtained. If it does in this way, the 
desludging engine performance of a purge 72 can be raised. 

[0086] In addition, in order to make a sludge sediment [ near the inhalation opening of 
the sludge absorption pump 87 ], preventing that a sludge soars near the oil level of 
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cutting fluid, it is desirablJW prepare a ramp, to collect sluc^s or to set the location of 
opening of pipes 85 and 86 as a septum 88, as shown in drawin g 8 . 
[0087] The supernatant part of the cutting fluid which set separation tub 82 and was 
formed moves to the temperature control tub 92 through free passage section 88a. The 
volume of the temperature control tub 92 is set for example, as 400L. The cutting fluid 
supplied to the temperature control tub 92 does not contain most sludges. 
[0088] Thus, the cutting fluid accumulated in the temperature control tub 92 is again 
returned to the temperature control tub 92, after being sent to the temperature control 
machine 74 (refer to drawing 7 ) using a pump P3 and lowering temperature. Since it is 
made to remove a sludge in the separation section 80 before sending cutting fluid to the 
temperature control machine 74, when a sludge collects in a pipe in the temperature 
control machine 74, heat exchange effectiveness cannot fall and temperature control of 
cutting fluid can be performed effectively. 

[0089] With this operation gestalt, when the temperature of the cutting fluid in the 
temperature control tub 92 becomes beyond predetermined temperature, a pump P3 and 
the temperature control machine 74 are operated, and when the temperature of the cutting 
fluid in the temperature control tub 92 turns into below predetermined temperature after 
that, the pump P3 and the temperature control machine 74 are stopped. Therefore, all the 
cutting fluid held in the temperature control tub 92 is not sent to the temperature control 
machine 74, and some cutting fluid is sent to it in a predetermined period. Some cutting 
fluid which temperature control was carried out and was returned, and the remaining 
cutting fluid in the temperature control tub 92 are mixed by the agitator 94 (stirring), and, 
thereby, the temperature of the cutting fluid in the temperature control tub 92 is 
equalized. If it does in this way, it will be prevented that the temperature of the cutting 
fluid supplied to the principal part of wire saw equipment changes rapidly compared with 
the case where the cutting fluid which carried out temperature control is sent to the 
principal part of direct wire saw equipment. If cutting fluid can be supplied at the 
temperature stabilized to the principal part of wire saw equipment, since the surface 
tension of cutting fluid etc. will not change a lot, wire saw equipment can perform stable 
cutting. Thus, with this operation gestalt, the temperature of the cutting fluid in the 
temperature control tub 92 is maintainable to a predetermined temperature requirement, 
operating the temperature control machine 74 effectively. 

[0090] On the other hand, under the effect of a room temperature etc., the temperature of 
cutting fluid may fall and the surface tension of cutting fluid may become large across the 
predetermined range. In this case, cutting fluid becomes that a cutting slot is fully hard to 
be supplied, eccritic [ of a sludge ] falls, and cutting resistance increases. Moreover, the 
fall of the desludging capacity by the magnetic separator may also be produced. 
Furthermore, coefficient of friction in a cutting edge rises, and wear of an abrasive grain 
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becomes intense. When sdBf it is advantageous to raise the^fcnperature of cutting fluid 
using the temperature control machine 72, and to reduce the surface tension of cutting 
fluid. 

[0091] Moreover, the cutting fluid containing a glycol has comparatively high kinematic 
viscosity, and its temperature dependence of kinematic viscosity is also large. Since it 
may become that a cutting slot is fully hard to be supplied even if it has the surface 
tension of the above-mentioned range when kinematic viscosity exceeds 67mm2/s, as for 
the kinematic viscosity of the cutting fluid supplied between a wire and a rare earth alloy, 
it is desirable that it is less than [ 67mm2/s ]. Therefore, in using the cutting fluid 
containing a glycol, while surface tension is in the above-mentioned range, it is desirable 
to control temperature so that kinematic viscosity may become less than [ 67mm2/s ]. 
[0092] The cutting fluid by which temperature control was carried out in the temperature 
control tub 92 is sent to the principal part 30 ( drawing 7 ) of wire saw equipment with a 
pump P4. The temperature of the cutting fluid supplied between a wire and a rare earth 
magnet is controlled to become 15 degrees C - 35 degrees C preferably, and is controlled 
by 20 degrees C - 25 degrees C still more preferably. 

[0093] With an above-mentioned operation gestalt, while performing separation removal 
of a sludge efficiently, performing supply and recovery of cutting fluid cyclically, the 
surface tension of cutting fluid is maintained in the suitable range by performing 
temperature control of cutting fluid. If it does in this way, by discharging a sludge 
appropriately from a cutting slot and maintaining cutting force on low level, cutting 
efficiency can be raised and precision of a cutting plane can be made high. Therefore, it 
enables it to prolong spacing of exchange of cutting fluid remarkably and to continue 
cutting processing processing continuously over long duration. 

[0094] Next, the effect of surface tension to the sectility ability at the time of using glycol 
content drainage system cutting fluid is explained, referring to drawing 9 and drawin g 
10. 

[0095] Drawing 9 shows the configuration of the testing machine (evaluator) 10 which 
conducted the experiment shown in drawing 10 mentioned later. The volume drum 102 
by which, as for the testing machine 10, the wire 12 for cutting was wound around the 
peripheral face, and the revolving shaft was connected to the drive motor (un- 
illustrating), In two or more pulleys 106 which show again a wire 12 to the volume drum 
102 from the volume drum 102 through the cutting section 104 which cuts the cut object 
(work piece) 14, and the cutting section 104 It has migration equipment 108 to which the 
cut object 14 can be linearly moved toward a wire 12 (it presses). Moreover, the tension 
adjustment 1 10 is formed in the middle of the path of a wire 12. By giving the 
energization force F to an outside to the movable pulley 112 around which the wire 12 
was wound almost, the tension adjustment 110 can give tension to a wire 12, and, 
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>]ft of a wire 12. further — the te^fci 



thereby, can prevent the sWm of a wire 12. further -- the teiwBn adjustment 110 -- a 
work piece 14 — pressing — etc. ~ when the tension more than predetermined works on a 
wire 12, the movable pulley 112 moves inside against the above-mentioned energization 
force F — it is constituted so that things can be carried out. While this eases the tension 
applied to a wire 12, a wire 12 can maintain at a balance the stress given to a work piece 
14 (that is, push reliance of a wire is performed by the constant pressure to a work piece 
14). As a wire 12, diameter of core wire 0.18mmphi, diameter of result 0.24mmphi, 
breaking load 7 - 8.5kgf, 40-60 micrometers of diameters of an abrasive grain, and 30 
micrometers - 60 micrometers of phenol resin coating thickness were used. 
[0096] The cutting fluid supply nozzle 114 is formed above wire 12' of the cutting section 
104, and cutting fluid is dropped or injected from a nozzle 114 to wire 12'. The 
temperature of the cutting fluid which the cutting fluid supplied to wire 12' is discarded, 
without carrying out the cyclic use of waste water, therefore is supplied to wire 12' is kept 
almost constant. 

[0097] Using this testing machine 10, glycol content drainage system cutting fluid was 
made dropped at wire 12' from a nozzle 114, and sectility ability was measured. In 
addition, congruence directional movement of wire 12' was carried out by linear velocity 
200 m/min by reversing the hand of cut of the volume drum 102 periodically. Moreover, 
by setting up appropriately the passing speed of the energization force F and migration 
equipment 108, the work piece 14 was pressed by 4 Ns of constant pressures to wire 12', 
and it cut by the constant-pressure load. In addition, the work piece 14 is formed from the 
rare earth sintered magnet of the letter of a block. 

[0098] As cutting fluid, the various glycol content drainage system cutting fluid 
(YUSHIRO CHEMICAL INDUSTRY [ CO., LTD. ] make: WL-l-WL-5) with which 
surface tension differs was used at the temperature of about 25 degrees C. The surface 
tension in 25 degrees C of the used cutting fluid is 33.6 mN/m - 48.9 mN/m. Moreover, 
cutting oil (YUSHIRO CHEMICAL INDUSTRY [ CO., LTD. ] make: HT-9, 25-degree 
C surface tension:29.6 mN/m) was made into the reference sample. 
[0099] the surface tension [mN/m] of cutting fluid from which drawing 10 was obtained 
using the testing machine 10, and sharpness fall multiplier alpha[- %/unit — a logarithm - 
- it is the graph which shows relation with time amount] and sectility ability constant 
gamma [%]. The sectility ability constant gamma is a parameter which shows the sectility 
ability (sharpness) in the early stages of cutting, and it is thought that it is especially 
influenced by sludge eccritic etc. The sharpness fall multiplier alpha is a parameter 
showing the decreasing rate (alpha< 0) of the sectility ability about time amount, and it is 
thought that especially wear of a wire is shown. A concrete target is a value with which 
the sectility ability constant gamma and the sharpness fall multiplier alpha are satisfied of 
the following formulas (1). 
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[0100] Y=alpha In (t) +gaWBa (1) W 

In a formula (1), t expresses cutting time amount (however, let 3 minutes be one unit), 
and Y expresses a sectility ability ratio. The sectility ability ratio Y is defined as sectility 
ability when setting initial sectility ability at the time of using the above-mentioned 
cutting oil to 100. Sectility ability is determined by measuring the cutting depth of flute 
formed in the rare earth alloy with the wire, in addition, a formula (1) to the sectility 
ability constant gamma - the sectility ability ratio (opposite cutting oil) of 3 minutes after 
(t= 1) ~ expressing — the sharpness fall multiplier alpha — a logarithm -- it turns out that 
the rate of change of the cutting-ability ability to time amount (In (t)) is expressed. 
[0101] When the surface tension in 25 degrees C uses the glycol content drainage system 
cutting fluid of 33.6 mN/m - 48.9 mN/m so that the graph of drawin g 10 may show, the 
sectility ability constant gamma is under 100 [%], and its sectility ability is lower than the 
case where the above-mentioned cutting oil is used. However, the sectility ability 
constant gamma of each water-soluble cutting fluid has exceeded 75 [%], and if sectility 
ability of this level is obtained, it is possible to cut a rare earth alloy comparatively 
efficiently, moreover, the case where the glycol content drainage system cutting fluid 
which has the surface tension of the above-mentioned range is used ~ the sharpness fall 
multiplier alpha -16.5[~ %/unit - a logarithm - time amount] - it is above, and also 
when it cuts by carrying out long duration continuation, it turns out that sharpness does 
not fall so greatly. When the value of this sharpness fall multiplier alpha was compared 
with the sharpness fall multiplier at the time of using cutting water (tap water), it was a 
value good enough. 

[0102] Thus, when using the drainage system cutting fluid of glycol content, a cutting 
efficiency worsens compared with the case where specific cutting oil is used, but on the 
other hand since an oil mist etc. does not occur, the advantage that workability becomes 
good is acquired. Moreover, it is more desirable for drainage system cutting fluid to be 
unable to pollute an environment easily, and to use drainage system cutting fluid rather 
than cutting oil at this point. Moreover, since it is comparatively easy to remove a sludge 
from drainage system cutting fluid, when circulating through and using cutting fluid, 
drainage system cutting fluid may be an ingredient more suitable than cutting oil. 
[0103] It is desirable that the surface tension in 25 degrees C uses the drainage system 
cutting fluid of about 33 mN/m - about 49 mN/m from an above-mentioned result and the 
result examined variously. It is desirable that the surface tension in 25 degrees C uses the 
drainage system cutting fluid (for example, :WL[ by YUSHIRO CHEMICAL 
INDUSTRY CO., LTD. ]- 2) of 35 mN/m - 45 mN/m especially. It is possible to cut a 
rare earth alloy efficiently, without causing environmental pollution etc., if such drainage 
system cutting fluid is used. 

[0104] Drawing 1 1 shows the relation between the magnetism in the sludge recovery side 
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(sludge recovery area) of ^fcgnetic separator, and the flatnlfe of a work-piece cutting 
plane, and the relation of the magnetism and sludge discharge (amount per hour of the 
sludge removed from cutting fluid) in the sludge recovery side (sludge recovery area) of a 
magnetic separator. In addition, the data shown in drawin g 1 1 were obtained under the 
conditions on which a 1kg [/hour ] sludge is incorporated in cutting fluid from a work- 
piece cutting plane. Using the gauss meter and the probe (both bell company make), the 
magnetism at this time (surface inductive flux) contacted the probe to the sludge recovery 
side, and measured it. 

[0105] If the magnetism of a magnetic separator increases so that drawin g 11 may show, 
a sludge discharge will increase in connection with it, and the flatness of a work-piece 
cutting plane will improve. When there are few sludge discharges from the cutting fluid 
by the magnetic separator, recovery separation of a sludge is not fully attained but sludge 
concentration rises. This leads to raising the sludge concentration in the cutting fluid 
supplied to the part into which processing with a wire is performed. Consequently, since 
the cutting force to a wire increases and a wire bends, it is thought that the display 
flatness of a processing side falls. In addition, if a magnetic separator removes a rare 
earth alloy sludge appropriately, also except that flatness will improve, even if it does not 
perform whole-quantity exchange of wire cutting fluid, the effectiveness that prolonged 
continuous running becomes possible is acquired. 

[0106] Since the working efficiency of ****** will fall when [ whole ] the time amount 
which a next polish process takes is taken into consideration if the flatness of a work- 
piece cutting plane exceeds 100 micrometers, as for flatness, being set to 15 micrometers 
or less is desirable, and, also as for magnetism, it is desirable that the flatness of a 
processing side is adjusted so that it may be set to 15 micrometers or less. For that 
purpose, it is desirable to set the magnetism in the drum front face of a magnetic 
separator as 0.27 teslas or more, and it is still more desirable to make it 0.30 teslas or 
more. 

[0107] Again, drawing 1 is referred to. After performing finish-machining by polish to 
each of the rare earth alloy plate which carried out cutting processing using the above- 
mentioned approach and preparing a dimension and a configuration, in order to raise 
long-term dependability, surface treatment is performed to an alloy plate at step S8. After 
performing a magnetization process by step S9, a neodymium permanent magnet is 
completed through an inspection process. 

[0108] (Example 1) The rare earth alloy was cut using the wire saw equipment shown in 
drawin g 7 . As cutting fluid, the glycol content drainage system cutting fluid (WL-2) by 
YUSHIRO CHEMICAL INDUSTRY CO., LTD. was used. As a temperature control 
machine, the automatic temperature control machine (KTC-3B) by Kanto energy 
machine incorporated company was used. This equipment has the function of both 
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cooling and heating. 

[0109] Moreover, as a wire for cutting, the wire (diameter: of core wire0.18mm, 
thickness :20micrometer of phenol resin, an abrasive grain quality-of-the- 
material: diamond, diametenof abrasive grain40-60micrometer, and average abrasive 
grain spacing: lOOmicrometer) was used. Both-way transit of this wire was carried out by 
linear velocity 800 m/min, and equipment was operated on new line amount-of-supply:2 
m/min and wire tension:30N conditions. As a cut object, the 20mmx40mmx60mm rare 
earth alloy was tiered seven, it pasted up, and this was contacted on the wire with the fall 
velocity of 40 mm/min. Cutting of a rare earth alloy was performed having worked the 
temperature control machine and maintaining the temperature of cutting oil in the range 
of 25 degrees C - 28 degrees C under the above-mentioned conditions. 
[0110] When the rare earth alloy was deeply cut to 180mm and the cutting plane was 
observed, profile irregularity Ra is 0.8 micrometers or less, Rmax is 7 micrometers or 
less, and the smooth field was formed. The cut rare earth alloy fulfilled the quality 
demanded as a magnet used for the motor for voice coils. Moreover, the amount of 
deflections of a wire was maintained by abbreviation regularity during cutting, and there 
was no increment in cutting force. 

[0111] (Example 1 of a comparison) Except for not working a temperature control 
machine, the rare earth alloy was cut like the above-mentioned example 1. Although the 
temperature of glycol content drainage system cutting fluid was 20 degrees C at the 
beginning, cutting took for progressing, and went up and it amounted to 50 degrees C or 
more. 

[0112] When the rare earth alloy was deeply cut to 180mm and the cutting plane was 
observed, profile irregularity is falling, the profile irregularity Ra of a cutting plane is 1.5 
micrometers or more, Rmax is 15 micrometers or more as the part cut behind, and the 
field where irregularity is large was formed. The cut rare earth alloy did not fulfill the 
quality demanded as a magnet used for the motor for voice coils. Moreover, during 
cutting, the amount of deflections of a wire increased gradually and the increment in 
cutting force was accepted. 

[0113] As explained above, according to the manufacture approach of the above- 
mentioned rare earth alloy much advantageous effectiveness as taken below is 
acquired. 

[0114] 1. Since the discharge effectiveness of the cutting fluid from a work-piece cutting 
plane improves, the cutting force which a wire receives is reduced and the continuation 
cutting activity of long duration is attained. 

[0115] 2. It becomes possible to raise the flatness of a work-piece cutting plane. For this 
reason, the manufacture yield of a product is improved. 

[0116] 3. The effectiveness of wire saw cutting over a rare earth alloy is optimized. 
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[0117] 4. Since the sludge^Rutting fluid is efficiently remifcble, even if it does not 
exchange cutting fluid frequently, reduce the cutting load of the wire which wins 
popularity by the work-piece cutting plane, and it becomes possible to raise cutting speed 
by it. 

[0118] 5. Even if collapse of a work piece arises, it is prevented that the quality of a 
product deteriorates by contact on a wire. 

[0119] In addition, although the operation gestalt of this invention has been explained 
about the manufacture approach of a rare earth alloy plate, this invention is not limited to 
this. For example, in order to produce a rare earth alloy product and components with 
processing configurations other than tabular, the cutting process of this invention can be 
used suitably. 

[0120] Moreover, although the processed object was carried out and the operation gestalt 
using the rare earth alloy magnet ingredient of Nd-Fe-B was explained, since the property 
for cutting force to be large and to be easy to condense a sludge is common in the whole 
rare earth alloy, even if this invention uses other rare earth alloys as a workpiece, it can 
acquire the effectiveness which described the above-mentioned operation gestalt, and the 
same effectiveness. 

[0121] The rare earth alloy magnet produced using the above-mentioned approach has 
few cutting margins as compared with the case where a rare earth alloy ingot is cut using 
a peripheral cutting edge, and is suitable for manufacturing a thin magnet (0.5-3.0mm in 
for example, thickness). In recent years, since the rare earth magnet used for a voice coil 
motor is becoming still thinner, if the above-mentioned thin rare earth alloy magnet 
manufactured using the approach of this invention is attached in a voice coil motor, a 
small voice coil motor with the high engine performance can be offered. 
[0122] 

[Effect of the Invention] When it is going to perform cutting processing by the wire saw 
to a rare earth alloy, as a result of according to this invention preventing a wire piece and 
also reducing the turnover rate of required cutting fluid remarkably, continuous running 
of long duration becomes possible. 

[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 



1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 

[Field of the Invention] This invention relates to the cutting process and cutting 
equipment of a rare earth alloy. It is related with the approach of cutting a rare earth alloy 
using the wire which made the detail fixing superabrasives, such as a diamond abrasive 
grain, more. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
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1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



PRIOR ART 

[Description of the Prior Art] Conventionally, in order to cut down many wafers from the 
ingot of silicon, the technique of using a wire saw and cutting an ingot is developed, for 
example, it is indicated by JP,6-8234,A. According to such a technique, cutting / cutting 
processing of an ingot is performed supplying the slurry which contains a grinding 
abrasive grain to the multi-wire it runs, and it becomes possible to cut down the wafer of 
fixed thickness to several multi-sheet coincidence. 

[0003] The technique which slices an ingot from the former as an approach of cutting the 
ingot of a rare earth alloy, on the other hand using the slicing blade rotated, for example 
is known. However, according to the approach of cutting with a slicing blade, since it is 
large compared with a wire gage, the chipping allowance of thickness of a cutting cutting 
edge surely increases, and it cannot aim at a deployment of a resource. 
[0004] The rare earth alloy is suitably used as for example, a magnet ingredient. Since a 
magnetic application is diversified and it is widely used also for various kinds of 
electronic equipment, if the wafer of predetermined thickness is producible from the 
ingot of a rare earth alloy to several multi-sheet coincidence in few chipping allowances 
with a wire saw, the manufacturing cost of a rare earth magnet will be reduced sharply. 

[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

EFFECT OF THE INVENTION 

[Effect of the Invention] When it is going to perform cutting processing by the wire saw 
to a rare earth alloy, as a result of according to this invention preventing a wire piece and 
also reducing the turnover rate of required cutting fluid remarkably, continuous running 
of long duration becomes possible. 

[Translation done.] 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL PROBLEM 

[Problem (s) to be Solved by the Invention] However, there is still no report that the rare 
earth alloy was cut using the practical wire saw technique. If it is going to perform 
cutting processing processing by the loose grain mold wire saw to the ingot of a rare earth 
alloy, as a result of getting a slurry circulation pipe blocked for a short time extremely for 
the fines and grinding waste (as ** or a sludge) generated by wire saw processing 
according to the experiment of artificers, the slurry was no longer supplied on the wire 
and it turned out that a wire piece will arise. Since it must stop having to interrupt 
processing by the wire saw at every slurry exchange when the whole slurry is exchanged 
completely every several hours, in order to avoid this problem, it is not suitable for mass 
production and utilization becomes impossible. Moreover, the bank and because [ its ] it 
became empty, cutting force increased also to cutting Mizouchi remarkably, and the 
sludge also understood much more becoming easy to produce a wire piece. Furthermore, 
it also turned out during cutting processing processing that phenomena — a wire carries 
out a deslot — occur frequently also into the slot on the roller from the roller with which 
the bank and the wire to like are twisted, and, as for a sludge, there is a problem that - 
cutting precision falls remarkably. In case each of these problems cuts the ingot of silicon 
or glass with the conventional wire saw technique, they does not appear. 
[0006] Moreover, according to the loose grain mold wire saw of a type which made the 
abrasive grain float in a slurry, since an abrasive grain rolled at the time of cutting 
processing, there was also a problem that improvement in the amount of cutting per unit 
time amount (cutting speed) was difficult. Especially, a rare earth alloy is hard compared 
with silicon or glass, and it is sticky, and since it is the ingredient which is hard to cut, 
when a rare earth alloy is cut using a loose grain mold wire saw, cutting speed becomes 
quite slow. 

[0007] JP,8- 126953, A is indicating the technique of cutting a silicon ingot by making 
water into a coolant, using the wire which has bonded abrasive. However, if this 
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technique is used for cuttir^of a rare earth alloy, since eccr^fc is bad, the same problem 
as the case where it is a loose grain will produce the sludge of a rare earth alloy. 
[0008] This invention is made in view of these many points, and the main purpose is to 
offer the cutting process of the rare earth alloy which can raise cutting speed while it 
prevents a wire piece and makes prolonged continuous running possible. 
[0009] Moreover, other purposes of this invention are to offer the voice coil motor 
equipped with the manufacture approach of a rare earth alloy magnet of having used the 
cutting process of the above-mentioned rare earth alloy, and the rare earth alloy magnet 
concerned. 



[Translation done.] 
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MEANS 

[Means for Solving the Problem] The cutting process of the rare earth alloy of this 

invention is the cutting process of the rare earth alloy using the wire which made the 

abrasive grain fix, and while the surface tension in 25 degrees C supplies the drainage 

system cutting fluid which is within the limits of 33 mN/m - 49 mN/m between said wires 

and said rare earth alloys, it is characterized by cutting said rare earth alloy. 

[0011] As said drainage system cutting fluid, the thing containing a glycol can be used 

suitably. 

[0012] Or the thing containing synthetic lubricant can also be used as said drainage 
system cutting fluid. 

[0013] Said drainage system cutting fluid may also contain a defoaming agent. Moreover, 
as for said drainage system cutting fluid, it is desirable that PHs are 9-11. Said drainage 
system cutting fluid may also contain a rusr-proofer. 

[0014] What contains the abrasive grain made to fix with phenol resin as said wire can be 
used suitably. As an abrasive grain, a diamond abrasive grain is used suitably. 
[0015] It is desirable to include the process which controls the temperature of said 
drainage system cutting fluid. 

[0016] It is desirable to include further the process which collects the drainage system 
cutting fluid containing the sludge of said rare earth alloy produced when cutting said 
rare earth alloy, and the process which removes a sludge from said collected drainage 
system cutting fluid before controlling the temperature of said drainage system cutting 
fluid. 

[0017] The process which controls the temperature of said drainage system cutting fluid 
includes the process which mixes the process which adjusts the temperature of some 
drainage system cutting fluid from which the sludge was removed, and some [ by which 
said temperature was adjusted ] drainage system cutting fluid and the remaining drainage 
system cutting fluid with which temperature is not adjusted, and you may make it supply 
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said mixed drainage syste^fcitting fluid between said wireflmd said rare earth alloys. 
[0018] You may make it magnetism separate the sludge of said rare earth alloy produced 
when cutting said rare earth alloy from the inside of said drainage system cutting fluid. 
[0019] It is desirable to use the magnetic separator which shows the magnetism of 0.27 
teslas or more in the field which collects said sludges. 

[0020] Two or more ring-like slots are formed in a periphery in a predetermined pitch, 
and cutting process of the aforementioned rare earth alloy can be suitably performed 
using wire saw equipment equipped with two or more rollers supported pivotable and the 
driving means which makes it run said wire twisted around said slot of said roller while 
rotating said roller. 

[0021] It is desirable to cut said rare earth alloy, going caudad from the upper part and 
dropping said rare earth alloy to said wire. 

[0022] It holds, where said rare earth alloy is divided into two or more blocks, and it may 
be made to perform a part of supply [ at least ] of said drainage system cutting fluid 
through the gap of a block of said plurality. Or you may carry out by making it run said 
wire in said cutting fluid to which supply of said cutting fluid is supplied from opening of 
a cutting fluid tub. 

[0023] The manufacture approach of the rare earth alloy plate by this invention is 
characterized by including the process which produces the ingot of a rare earth alloy, and 
the process which separates two or more rare earth alloy plates from the ingot of said rare 
earth alloy using the cutting process of an above-mentioned rare earth alloy. 
[0024] The manufacture approach of the rare earth alloy magnet by this invention is 
characterized by including the process which produces a sintered compact from rare earth 
magnet alloy powder, and the process which separates two or more rare earth alloy 
magnets from said sintered compact using the cutting process of an above-mentioned rare 
earth alloy. 

[0025] The voice coil motor by this invention is characterized by having the rare earth 
alloy magnet produced by the manufacture approach of said rare earth alloy magnet. 
[0026] The thickness of said rare earth alloy magnet may be in the range of 0.5-3.0mm. 
[0027] 

[Embodiment of the Invention] The invention-in-this-application person cut the rare earth 
alloy using the wire which made the abrasive grain fix for the purpose which raises 
cutting speed. Since ** of the abrasive grain at the time of cutting can prevent ** by 
fixing an abrasive grain to a wire, cutting speed improves. When based on this approach, 
the slurry for making an abrasive grain float becomes unnecessary, but in order to flush a 
sludge from the cutting section (it discharges), it is necessary to fully supply cutting fluid 
to a cutting processing part. According to the experiment of this invention person, when 
water (tap water) was used as cutting fluid, it turned out that cutting force increases [ the 
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sludge of a rare earth allo^fc cutting Mizouchi remarkabl^Rcause [ its ] it becomes 
empty, the bank and, and it becomes easy to produce a wire piece. Also in the case of a 
loose grain mold, such a phenomenon is seen as mentioned above. However, since the 
amount of the sludge shaved [ rare earth alloy / which is a candidate for cutting ] by unit 
time amount increases when using the wire which made the abrasive grain fix, increase of 
cutting force poses a bigger problem. 

[0028] Moreover, when a rare earth alloy was cut using water as cutting fluid, the wear of 
a wire which has bonded abrasive was intense, and as a result of the cutting capacity of a 
wire declining between short time, it turned out that cutting speed falls greatly. Since a 
rare earth alloy is an ingredient with stickiness it is hard and high, its friction produced 
between a wire and a rare earth alloy at the time of cutting is large. When cutting a rare 
earth alloy, using water as cutting fluid, it is thought that this friction cannot fully be 
reduced. When this also cut the ingot of silicon with easier cutting than a rare earth alloy, 
or glass, it had not become a big problem, either. 

[0029] Moreover, if the condensed sludge checks circulation of cutting fluid within the 
cutting fluid circulation pipe in wire saw equipment, since a cutting fluid circulation pipe 
will be got blocked by it, unless cutting fluid is exchanged frequently, it becomes 
impossible to carry out continuous running of long duration. It is thought that it is 
produced since precipitate and condensation of a sludge have the large specific gravity of 
the iron which constitutes a rare earth alloy, and rare earth elements. When the ingot of 
silicon or quartz glass was cut using a wire saw, the sludge was promptly flushed with 
cutting fluid, precipitate and condensation of a sludge were hardly produced, and 
especially the big problem resulting from that was not generated until now. 
[0030] this invention person found out that cutting force could be reduced by using the 
drainage system cutting fluid which has the surface tension of the predetermined range 
instead of using water as cutting fluid. As for the surface tension in 25 degrees C of 
drainage system cutting fluid, it is desirable that it is within the limits of 33 mN/m - 49 
mN/m so that it may mention later. Since the permeability (wettability or concordance) 
over the cutting edge containing a diamond system abrasive grain is excellent compared 
with water, the drainage system cutting fluid which has the above-mentioned surface 
tension within the limits is considered for drainage system cutting fluid to permeate 
efficiently the cutting section (part by which a rare earth alloy and a cutting edge contact 
and a rare earth alloy is cut). In addition, the surface tension of cutting fluid is measured 
using the DEYUNUI surface tension balance known well. Moreover, since water is used 
as a principal component and the specific heat is generally large compared with cutting 
oil (straight mineral oil is included typically), drainage system cutting fluid is excellent in 
cooling effectiveness. Furthermore, there is also an advantage which can prevent having a 
bad influence on natural environment by abandonment processing of cutting fluid. 
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[0031] Although the drainer system cutting fluid used by twcutting approach of this 
invention was specified using the surface tension of 25 degrees C, the temperature of the 
drainage system cutting fluid at the time of actually using it is not restricted to 25 degrees 
C. However, in order to acquire the effectiveness of this invention, it is desirable to use 
the drainage system cutting fluid by which temperature control was carried out within the 
limits of 15 degrees C - 35 degrees C. For example, in early stages, when using it, 
circulating cutting fluid, the temperature of the cutting fluid supplied at the comparatively 
low temperature of room temperature extent rises with steps, when cutting fluid absorbs 
the frictional heat generated between a wire and a rare earth alloy. While using it, 
circulating cutting fluid, the temperature of cutting fluid can exceed about 50 degrees C. 
Since it depends for the surface tension of a liquid on temperature as known well, if it 
separates not much from the temperature requirement of the above [ the temperature of 
the actually used drainage system cutting fluid ], the surface tension of drainage system 
cutting fluid will be in the condition of having resembled well the condition of having 
separated from the above-mentioned numerical range, and a cutting efficiency will fall. 
[0032] The surface tension of drainage system cutting fluid can be easily adjusted within 
the limits of the above by adjusting a glycol (a glycol derivative being included), and the 
class and amount of a surfactant to add. The surface tension of the above-mentioned 
range can also be obtained by replacing with these and adding in water the so-called 
synthetic lubricant called "synthetic [ synthetic (Synthetic) ]." These can also be mixed 
and used. 

[0033] When water is used as cutting fluid, it is thought that above-mentioned fault 
occurred in the following reasons. 

[0034] The width of face of the cutting slot formed in a rare earth alloy with a wire is 
narrow (for example, 0.3mm or less) one, and it is difficult to supply direct cutting fluid 
to a cutting slot, and cutting fluid is supplied to a wire and supplied to cutting Mizouchi 
in the condition of having made it adhering to a wire. If the wettability to the wire of the 
cutting fluid supplied by such approach is low, it will become easy to be desorbed from a 
wire, sufficient amount will no longer be supplied to cutting Mizouchi, and the 
effectiveness of cutting fluid will fall. Furthermore, the permeability to the cutting edge 
of cutting fluid also falls. 

[0035] That is, the cutting fluid of sufficient amount for cutting Mizouchi is not supplied, 
but if the permeability to a cutting edge is low, it will increase, a cutting efficiency will 
fall, possibility that a wire piece will be generated will become high, and cutting force 
will also produce the problem that the process tolerance of the cutting plane of a rare 
earth magnet falls further. Moreover, cutting force increases by the sludge which eccritic 
[ of a sludge ] fell, and the sludge of a rare earth alloy with large specific gravity became 
that it is hard to be discharged from a cutting slot, consequently accumulated in 
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Mizouchi. Since it is hard Wmpared with sludges, such as sWbn, when a sludge is not 
discharged, cutting force will increase the sludge of a rare earth alloy remarkably. 
Moreover, a wire cannot fully be cooled, but the temperature of a wire carries out an 
abnormality rise, the anomalous attrition of a wire and abnormality degraining of an 
abrasive grain (typically diamond system abrasive grain) arise, and a cutting efficiency 
and process tolerance fall. 

[0036] The drainage system cutting fluid which has the surface tension of the above- 
mentioned range has moderate wettability to a wire (and rare earth alloy), and is fully 
supplied to a narrow cutting slot. Moreover, also when using it, having circulated cutting 
fluid and continuous running is performed over a long time by adjusting the temperature 
of cutting fluid, while being able to maintain cutting fluid to the temperature of the 
predetermined range, the surface tension of cutting fluid is always controllable within the 
limits of a request. It becomes possible to prevent the increment in cutting force and to 
cut a rare earth alloy with a sufficient precision efficiently by this. In addition, since the 
lubricity and viscosity (kinematic viscosity) of cutting fluid also influence cutting- ability 
ability, the range of the desirable surface tension of cutting fluid may change somewhat 
with classes of cutting fluid to be used. 

[0037] In addition, especially the viscosity of cutting fluid influences eccritic [ of a 
sludge ]. Although the kinematic viscosity of drainage system cutting fluid is generally 
low compared with cutting oil, and the kinematic viscosity of drainage system cutting 
fluid other than a glycol system is not based on temperature but it is about lmm2/s, the 
kinematic viscosity of the cutting fluid containing a glycol is comparatively high, and its 
temperature dependence is also large. Since it may become that a cutting slot is fully hard 
to be supplied even if it has the surface tension of the above-mentioned range when 
kinematic viscosity exceeds 67mm2/s, as for the kinematic viscosity of the cutting fluid 
supplied between a wire and a rare earth alloy, it is desirable that it is less than 
[ 67mm2/s ]. Of course, it is desirable that the temperature of cutting fluid is within the 
limits of 15 to 35 degrees C also in this case. Furthermore, as for the temperature of 
cutting fluid, it is desirable that it is within the limits of 20 to 25 degrees C. 
[0038] Moreover, since viscosity is comparatively low, drainage system cutting fluid can 
classify rare earth alloy waste from the sludge generated by cutting easily using a magnet, 
and can reuse drainage system cutting fluid. For example, when carrying out the cyclic 
use of waste water of the drainage system cutting fluid, while preventing plugging within 
the circulation pipe of cutting fluid, frequent exchange of cutting fluid can be made 
almost unnecessary, and a run length can be remarkably improved as compared with the 
conventional technique. Moreover, it can prevent having a bad influence on natural 
environment by abandonment processing of drainage system cutting fluid. In addition, 
since the time amount by which a rare earth alloy is put to drainage system cutting fluid 
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is comparatively short, the^Rperty of a rare earth alloy doeWot deteriorate by oxidation 
in the meantime. 

[0039] The travel speed of a wire is quick (a part for for example, thousands of part [ for 
hundreds of ml- ], and m/) one, drainage system cutting fluid may foam at it, and cooling 
effectiveness may fall. By using the drainage system cutting fluid containing a defoaming 
agent, decline in the cooling effectiveness by foaming of drainage system cutting fluid 
can be controlled. Furthermore, the corrosion of a rare earth alloy can be controlled by 
using the drainage system cutting fluid which has PH within the limits of 9-11. Moreover, 
oxidation of a rare earth alloy can be controlled by using the drainage system cutting 
fluid containing a rusr-proofer. What is necessary is just to adjust these suitably in 
consideration of a class, processing conditions, etc. of a rare earth alloy. 
[0040] (Operation gestalt) The operation gestalt of the manufacture approach of the rare 
earth alloy plate by this invention is explained hereafter. With this operation gestalt, what 
permuted a part of Nd of compound Nd-Fe-B of the ternary system which uses 
neodymium (Nd), iron (Fe), and boron (B) as a principal component as a rare earth alloy, 
or Nd-Fe-B by Dy (dysprosium), and permuted a part of Fe by Co (cobalt) is used. Nd- 
Fe-B is known as a powerful neodymium magnet ingredient with which a maximum 
energy product exceeds 320 kJ/m3. 

[0041] How to produce the ingot of Nd-Fe-B is explained briefly, referring to the flow 
chart of drawing 1 . In addition, the approach of producing the rare earth alloy as a 
magnet ingredient is indicated by for example, the U.S. Pat. No. 4,770,723 specification 
at the detail. 

[0042] First, after carrying out weighing capacity of the raw material to a predetermined 
component ratio correctly at step SI of drawing 1 , a raw material is dissolved with the 
RF fusion furnace of a vacuum or an argon gas ambient atmosphere at step S2. The 
dissolved raw material is cast to water-cooled mold, and the raw material alloy of a 
predetermined presentation is formed. A raw material alloy is ground at step S3, and 
impalpable powder with a mean particle diameter of about 3-4 micrometers is produced. 
Impalpable powder is put into metal mold by step S4, and press forming is carried out in 
a field. Press forming is performed after mixing impalpable powder with lubricant if 
needed at this time. Next, if an about about 1000-1200-degree C sintering process is 
performed at step S5, a neodymium magnet material is producible. Then, in order to raise 
magnetic coercive force at step S6, about 600-degree C aging treatment is performed, and 
production of a rare earth alloy ingot is completed. The size of an ingot is 
30mmx50mmx60mm. 

[0043] At step S7, cutting processing of a rare earth alloy ingot is performed, and two or 
more sheet metal (called a substrate or a wafer) cut from the ingot is formed. Before 
giving explanation after step S8, how to carry out cutting processing of the ingot of a rare 
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earth alloy with the wire slWechnique by this invention in^re following is explained to 
a detail. 

[0044] Drawin g 2 (a) and (b) are referred to. First, it fixes mutually with the adhesives 22 
which consist of an epoxy resin, and two or more ingots 20 produced by the above- 
mentioned approach are fixed to the work-piece plate 26 iron in the condition of having 
assembled as two or more blocks 24a-24c. Fixing between the work-piece plate 26 and 
each blocks 24a-24c is also attained by adhesives 22. In the detail, the base plate 28 made 
from carbon which functions as a dummy has been arranged more between the work- 
piece plate 26 and each blocks 24a-24c, and this base plate 28 made from carbon has also 
fixed through adhesives 22 to the work-piece plate 26 and each blocks 24a-24c. After 
cutting processing of Blocks 24a-24c is completed, the base plate 28 made from carbon 
receives cutting processing by the wire saw until downward actuation of the work-piece 
plate 26 stops, and is bearing a role of a dummy of protecting the work-piece plate 26. 
[0045] With this operation gestalt, each block size is designed so that the size of each 
blocks 24a-24c measured along the direction (the "wire transit direction" is called below) 
shown by the arrow head A of drawing 2 (a) may be set to about 100mm. Since the size 
measured along the wire transit direction about one ingot 20 is about 50mm, he is trying 
to constitute each of the above-mentioned blocks 24a-24c from this operation gestalt by 
piling up what arranged the ingot 20 whose number is two along the wire transit 
direction. 

[0046] Although two or more ingots 20 fixed to the work-piece plate 26 are called a 
"work piece" as a whole, the following advantages are born by dividing this work piece 
into two or more blocks. 

[0047] When the wire transit direction size (the die length of a cutting slot) becomes 
large too much about the work piece of 1 padding exceeding the amount of drawing in of 
cutting fluid, the field where cutting fluid supply becomes inadequate among the cutting 
processing parts of a work piece occurs, and there is a possibility that a wire open circuit 
may arise by this. However, since the work piece of this operation gestalt is divided into 
the blocks 24a-24c of suitable size, it becomes possible to supply cutting fluid to the 
clearance between Blocks 24a-24c, and it can solve the problem that cutting fluid supply 
is insufficient. Moreover, since the sludge which accumulated between abrasive grains 
can also be flushed by this, cutting efficiency also improves. 
[0048] In order to supply cutting fluid to the clearance between Blocks 24a-24c, he 
arranges two cutting fluid delivery pipes 29 in the upper part of the work-piece plate 28, 
and is trying to inject fresh cutting fluid downward out of the cutting fluid delivery pipe 
29 through slit-like nozzle 29a with this operation gestalt. The cutting fluid delivery pipe 
29 receives the cutting fluid with which the fresh cutting fluid which does not contain a 
sludge, or a sludge was removed from the cutting fluid service tank mentioned later. The 
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cutting fluid delivery pipe^Phas the structure of a double t?W type, and the width of 
face of downward slit 29a changes to a longitudinal direction, and it is designed so that 
uniform cutting fluid supply may be realized. 

[0049] Although the work piece is divided into two or more blocks as mentioned above 
with this operation gestalt, as what magnitude the wire transit direction size about each of 
each blocks 24a-24c should be set changes also with the surface tension and the wire 
travel speeds of cutting fluid. Moreover, the number of ingots 20 and arrangement which 
constitute one block also change with the magnitude of each ingot 20. What is necessary 
is just to divide a work piece into the block of the optimal size suitably in consideration 
of these. Moreover, although the cutting fluid delivery pipe 29 is formed in the work- 
piece plate 26 bottom, you may make it supply cutting fluid between blocks with the 
work-piece plate 26 down side in this operation gestalt. 

[0050] Next, the principal part 30 of the wire saw equipment suitably used with this 
operation gestalt is explained, referring to drawing 3 A and drawing 3 B. This wire saw 
equipment is equipped with three Maine rollers 34a-34c with which one wire 32 is 
twisted also around many [-fold ]. Among these, although two Maine rollers 34a and 34b 
are supported free [ rotation ] by wire saw equipment, it does not connect with the driving 
means of a motor etc. directly, but they function on it as a follower roller. On the other 
hand, it connects with the non-illustrated driving source, for example, motor, and by this 
driving source, Maine roller 34c can receive a desired turning effort, and can be rotated at 
a setting rate. Maine roller 34c functions as a driving roller in order to transmit turning 
effort to two Maine rollers 34a and 34b through a wire 32. 

[0051] A wire 32 is guided receiving the tension of several kg-wt according to rotation of 
the Maine rollers 34a-34c, and it is rolled round from the non-illustrated reel by the reel 
which is not illustrated [ other ], carrying out both-way transit at a predetermined rate (a 
part for for example, 600- 1000m/). 

[0052] Two or more slots are formed in the periphery front face of the Maine rollers 34a- 
34c at equal intervals, and as one wire 32 is inserted in much Mizouchi, it is twisted 
around each roller. The array pitch (spacing of a wire train) of a wire 32 is prescribed by 
the pitch of this slot. With this operation gestalt, this pitch is set as about 2.0mm. Since 
this pitch is set up according to the thickness of the sheet metal which should be cut down 
by cutting processing, it will choose and use the multi-slot rollers 34a-34c which had a 
suitable pitch suitably. 

[0053] A wire 32 is formed from a hard drawn steel wire (piano wire), and, as for the 
size, an about 0.06-0.25mm thing is used. The cross-section configuration of a wire is 
shown in drawing 6 . In the front face of the wire core wire 61 used with this operation 
gestalt, the diamond abrasive grain 62 whose particle size is 30-60 micrometers has fixed 
with the resin film 63 so that drawing 6 may show. The resin film 63 is formed from 
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phenol resin etc., and the fflR:ness is 30-60 micrometers. A^Rr spacing of abrasive 
grain 62 in the condition of having fixed, it is desirable that it is about 2 to 4 times the 
diameter of an abrasive grain 62. Moreover, it can replace with the resin film 63 and the 
diamond abrasive grain 62 can also be fixed by metal membranes, such as nickel. 
[0054] In addition, the wire core wire 61 may be formed from what bundled refractory 
metals, such as alloys, such as nickel-Cr and Fe-nickel, W, and Mo, or nylon fiber. 
Moreover, the ingredient of an abrasive grain may not be limited to a diamond, but may 
be SiC, B, C, CBN (Cubic BoronNitride), etc. 

[0055] A work piece is pressed against the part stretched and passed between Maine 
roller 34a and Maine roller 34b among the wires 32 it runs on the occasion of cutting 
processing processing. With this operation gestalt, cutting fluid can be supplied on a wire 
32 from at least three places, and cutting fluid supply from two places is performed using 
the clearance between blocks using the pipe 29 and slit-like nozzle 29a which have been 
arranged in the upper part of the work-piece plate 26 among those. Cutting fluid supply 
from remaining one place is performed using a nozzle 36 in drawing 3 B from the left- 
hand side of a work piece. In addition to these nozzles 29a and 36, supply of cutting fluid 
may be additionally performed from the location on the right-hand side of a work piece in 
drawing 3 B, using other nozzles. 

[0056] Furthermore, like [ the case where cutting fluid especially with low viscosity is 
used, and when the travel speed of a wire 32 is quick (a part for for example, 
lOOOm/above) ], when it is hard to supply cutting fluid to a wire 32, as shown in drawing 
3 B, cutting fluid can be more certainly supplied to a wire 32 by making it run the inside 
of the cutting fluid supplied by overflowing from cutting fluid tub 38 opening in a wire 
32 (for example, refer to JP,1 1-198020, A). 

[0057] With this operation gestalt, surface tension supplies the drainage system cutting 
fluid of 33 mN/m - 49 mN/m within the limits between a work piece and a wire. The 
width of face of the cutting slot formed in a work piece is very as narrow as about 0.3mm 
or less typically, and it is difficult to supply cutting fluid to a cutting slot directly. For this 
reason, cutting fluid is supplied to a wire, Mizouchi is made to draw this and it is made to 
discharge out of a slot after that with a wire. Thus, if the surface tension supplied is lower 
than 33 mN/m or higher than 49 mN/m, the wettability to a wire will be bad, and will not 
be supplied in sufficient quantity of a cutting fluid fang furrow, the sludge formed from a 
rare earth alloy with large specific gravity will become that it is hard to be discharged 
from a cutting slot, consequently cutting force will go up. Moreover, if sufficient quantity 
of cutting fluid is not supplied to cutting Mizouchi, lubricity sufficient between a wire 
and a rare earth alloy will not be obtained (sharpness falls), but the field roughness and 
dimensional accuracy of a cutting plane will worsen. Moreover, it is not controlled in the 
range where coefficient of friction of a cutting edge is proper, consequently the 
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anomalous attrition of an Aive grain happens, and the pr^fcem that the abrasiveness 
of a wire becomes high is also produced. Consequently, the life of a wire becomes short 
while cutting efficiency falls greatly. 

[0058] On the other hand, if the drainage system cutting fluid which has the surface 
tension of above-mentioned within the limits is used, since it will be supplied in 
sufficient quantity of a cutting fluid fang furrow, promptly, the sludge (namely, rare earth 
alloy powder with large specific gravity (the specific gravity of for example, a 
neodymium alloy is about 7.5)) produced in cutting Mizouchi of a rare earth alloy is 
flow, and is eliminated from a cutting field in the exterior of a cutting slot (high discharge 
effectiveness). For this reason, the wire piece by the increment in cutting force and the 
problem of a cutting efficiency fall can be solved, without the sludge which accumulated 
in cutting Mizouchi barring transit of a wire strongly. Moreover, it is controlled in the 
range where coefficient of friction in a cutting edge is also proper. Furthermore, since the 
specific heat is high compared with cutting oil, drainage system cutting fluid is excellent 
also in cooling effectiveness, and can control and prevent the abnormality rise of the 
temperature by friction efficiently. Moreover, since viscosity is comparatively low, the 
amount of the sludge carried by even the Maine roller with the wire it runs is also 
reduced, and drainage system cutting fluid can also control the phenomenon in which a 
sludge accumulates in Mizouchi on the Maine roller. Consequently, a wire piece is 
prevented and there is also an advantage that a wire can be easily removed from a work 
piece after work-piece cutting termination. 

[0059] As drainage system cutting fluid, glycol system cutting fluid (YUSHIRO 
CHEMICAL INDUSTRY [ CO., LTD. ] make: WL-2) can be used, for example. With 
the class and molecular weight of the glycol to be used, the drainage system cutting fluid 
of desired surface tension can be prepared by adjusting the addition to water. 
[0060] Moreover, the cutting fluid which added the surfactant can also be used for water. 
As a surfactant, ARUKI roll amide systems, such as polyhydric- alcohol systems, such as 
polyoxyethylene systems, such as polyoxyethylene alkyl phenyl ether and 
polyoxyethylene mono-fatty acid ester, and sorbitan mono-fatty acid ester, or fatty-acid 
diethanolamide, can be used as an anion system as sulfonic acid types, such as sulfate 
molds, such as fatty-acid derivatives, such as fatty-acid soap and naphthenic-acid soap, or 
a long-chain alcoholic sulfate, and sulfated oil of animal and vegetable oils, or a 
petroleum sulfonate, and a non-ion system. Specifically, surface tension can be adjusted 
within suitable limits by adding chemical solution type JP-0497N (castrol company 
make) about 2% of the weight in water. 

[0061] Furthermore, the cutting fluid which added synthetic lubricant can also be used for 
water. As synthetic type composition lubricant, a synthetic solution type, a synthetic 
emulsion type, and a synthetic soluble type can be used, and also in it, a synthetic 
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solution type is desirable al^ specifically, can mention SHlWAiRO#870 [ 9954 (castrol 
company make) ] (YUSHIRO CHEMICAL INDUSTRY CO., LTD. make). All can 
adjust surface tension within suitable limits by adding about 2% of the weight in water. 
[0062] Moreover, the corrosion of a rare earth alloy can be prevented by making cutting 
fluid contain a rust preventive. Here, as for PH, being referred to as 9-11 is desirable. As 
a rust preventive, a phosphoric acid salt, a borate, molybdate, a tungstate, or a carbonate 
can be used as amines, such as carboxylate, such as oleate and a benzoate, or 
triethanol amine, and an inorganic system as an organic system. 
[0063] Moreover, nitrides, such as bends triazole, can be used as nonferrous metal 
anticorrosives, and formaldehyde donators, such as hexa hydro triazine, can be used as 
antiseptics, for example. 

[0064] Moreover, a silicone emulsion can be used as a defoaming agent. By making a 
defoaming agent contain, foaming of cutting fluid is lessened, the permeability to the 
cutting slot on the cutting fluid is improved, the cooling effect increases, and an 
abnormality rise and anomalous attrition of the temperature of a wire 32 stop being able 
to happen easily. 

[0065] Such drainage system cutting fluid cannot pollute an environment easily 
compared with non- water solubility cutting fluid (oil). Moreover, the danger of emitting 
smoke and ignition is safe for drainage system cutting fluid few, and if drainage system 
cutting fluid is used, work environment is improvable, since an oil mist is not generated. 
Furthermore, since it is easy to remove a sludge, drainage system cutting fluid is also an 
ingredient suitable for a reuse (cyclic use of waste water). 

[0066] Drawing 3 B is referred to. On the occasion of cutting processing processing of a 
work piece, the work-piece plate 26 is moved along with an arrow head D downward at 
the rate of predetermined (a part for for example, 0.5- 1.0mm/) by the non-illustrated 
driving gear, and pushes the work piece fixed to the work-piece plate 26 against the wire 
32 it runs in a level longitudinal direction (the direction of arrow-head A). By supplying 
the cutting fluid of amount sufficient between a work piece and a wire 32, a sludge can be 
discharged from between a work piece and wires 32, and a work piece can be 
continuously cut by it. Although cutting efficiency will improve if fall velocity of the 
work-piece plate 26 is made quick, since cutting force goes up, the flapping phenomenon 
of a wire 32 occurs, and there is a possibility that the flatness of a work-piece cutting 
plane may worsen. Flatness degradation of a work-piece cutting plane increases the time 
amount which a polish activity at a next process takes, or makes the probability of 
occurrence of a defective increase. Therefore, it will be necessary to set up the fall 
velocity of a work piece, i.e., the cutting speed of a work piece, within suitable limits. 
[0067] The wire 32 arranged at constant pitch carries out grinding of the work piece as a 
multi-wire saw, the channel depth is increased, carrying out coincidence formation of 
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many processing slots (cuflBg slot) in connection with it atl^ork piece, and cutting 
processing is made to advance by descent of a work piece. When a processing slot 
crosses each ingot completely, cutting processing of the ingot is attained and many 
wafers of the thickness decided by the pitch of a wire train and the size of a wire are cut 
down by coincidence. After cutting of all the ingots 20 is completed, the work-piece plate 
26 is raised along with an arrow head D by the above-mentioned driving gear. Then, 
while each block is separated from the work-piece plate 26, the cut wafer will be 
separated from each block. 

[0068] With this operation gestalt, in order to perform cutting processing, dropping a 
work piece from the upper part of a wire 32, the work-piece plate 26 descends with the 
condition of having combined with the work-piece plate 26 still more the ingot 20 which 
received cutting processing with adhesives. Thus, since it is located under the wire, even 
if the part of a work piece processed [ cutting ] dissociates and falls out from the body of 
a work piece, there is no possibility of 20 ingot which received cutting processing that the 
omission part may contact a wire 32 again. Therefore, an alloy plate [ finishing / cutting 
processing ] will be turned to the following process in the state of high quality. 
[0069] Next, the outline configuration of the cutting fluid circulation system of wire saw 
equipment 40 is explained, referring to drawing 4 . As typically shown in drawing 4 , 
while supplying cutting fluid to the principal part 30 of wire saw equipment, in 
equipment 40, the cutting fluid circulation system for collecting the used cutting fluid 
containing the sludge formed of processing is prepared. 

[0070] In the case of this equipment 40, on the occasion of cutting processing of a work 
piece, cutting fluid is supplied to the cutting fluid delivery pipe 29 on the work-piece 
plate 26 shown in drawing 3 A and drawing 3 B and a nozzle 36, or the cutting fluid tub 
38 of drawing 3 C through the 1st circulation pipe 44 from the cutting fluid service tank 
42. A pump PI is used at this time. The cutting fluid used for cutting processing is 
dropped from a processing part and its circumference, and is received by the recovery 
drain 37 located caudad and its processing machine drain 37' prepared caudad. Cutting 
fluid is carried to ****** 54 through the 2nd circulation pipe 46 from the recovery drain 
37 and processing machine drain 37', and after it receives the sludge separation 
processing by the magnetic separator 50 mentioned later there, it is accumulated in the 
recovery tank 48. The cutting fluid which returned to the condition near the condition 
before cutting processing is sent to the cutting fluid service tank 42 through the 3rd 
circulation pipe 49 by this sludge separation processing. A relay pump P2 is used at this 
time. Filter F is inserted in the middle of the 3rd circulation pipe 49, and Filter F can 
remove the sludge which was not removed by the magnetic separator 50. As a filter F, a 
saccate bag filter is used suitably. 

[0071] In addition, the cutting fluid service tank 42 can settle the detailed sludge which 
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F^B^iis reason, it is possible to recflfc 



might penetrate Filter F. FWrhis reason, it is possible to redUe further the amount of the 
sludge which remains in the cutting fluid sent to the principal part 30 through the 1st 
circulation pipe 44. At this time, since the magnetic separator 50 is magnetized, it 
condenses and a detailed sludge is easy to precipitate by it. 

[0072] Thus, with this operation gestalt, in order to perform separation removal (filtering) 
of a sludge efficiently, performing supply and recovery of cutting fluid cyclically, it 
enables it to prolong spacing of a cutting fluid exchange activity remarkably, and to 
continue cutting processing processing continuously over long duration. In addition, in 
order to maintain the surface tension of cutting fluid to request within the limits, water or 
new cutting fluid may be supplied with a suitable time interval. In this case, when surface 
tension of cutting fluid is surveyed periodically and surface tension separates out of a 
setting range, you may make it supply water or new cutting fluid in equipment (for 
example, cutting fluid service tank 42) at any time. Partial supply of such cutting fluid 
differs from whole-quantity-exchange of cutting oil greatly at the point which can be 
performed without interrupting cutting processing processing. 

[0073] Next, a magnetic separator 50 is explained, referring to drawin g 5 . This magnetic 
separator 50 can separate a sludge from the separation tub 54 which stored the used 
cutting fluid (dirty liquid) 52 containing a sludge using magnetism. Separation wall 54a is 
prepared in the separation tub 54. This separation wall 54a has the function to make a big 
sludge sediment to the separation tub 54. The fine sludge which was able to float in dirty 
liquid 52 and was able to overcome separation wall 54a with dirty liquid 52 will be 
magnetically separated by the approach of explaining in full detail below. 
[0074] The magnetic separator 50 is equipped with the drum 56 on which the powerful 
magnet has been arranged inside, and the squeezing roller 57 which rotates while sticking 
fo a part of peripheral face of a drum 56. Being supported pivotable centering on a fixed 
shaft, the drum 56 is arranged so that cutting fluid 52 may be partially contacted within 
the separation tub 54. The squeezing roller 57 is formed from oil resistant rubber etc., and 
a pressure welding is carried out by the energization force of a spring to the peripheral 
face of a drum 56. If a drum 56 rotates in the direction of an arrow head by the non- 
illustrated motor, the rotation will give frictional force to a squeezing roller 57, and will 
carry out the rotation drive of the squeezing roller 57. 

[0075] The sludge which floats in cutting fluid 52 sticks to the peripheral face of the 
rotating drum 56 with the magnet in a drum 56. The sludge which stuck to the peripheral 
face of a drum 56 is removed out of cutting fluid 52 with rotation of a drum 56, and 
passes through between a drum 56 and squeezing rollers 57. Soon, by the scraper 58, a 
sludge is scratched from the front face of a drum 56, and are collected in the sludge box 
59. Thus, the cutting fluid from which the sludge was removed is carried by the recovery 
tank 48 with a pipe 60 from the edge in the longitudinal direction of a drum 56. The 
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structure of a desludging ifllns usable as such a magnetic s^^arator 50 is indicated by 
JP,63-23962,Y. According to the experiment of the artificer who explains later, in order 
to draw near to the front face of a drum 56 the sludge of the rare earth alloy in cutting 
fluid, it is desirable to make the magnetism in the peripheral face (sludge recovery side) 
of the drum 56 in cutting fluid 52 into 0.27 teslas or more, and it is still more desirable to 
make it 0.3 teslas or more. By having used drainage system cutting fluid with low 
viscosity, the advantage of making easy recovery of the rare earth alloy sludge by the 
magnetic separator 50 can also be acquired. It is because the viscous drag which the 
sludge which moves in the inside of the field formed into cutting fluid 52 receives is 
reduced, so it becomes possible to collect many sludges efficiently. 
[0076] If a sludge is efficiently removed using such a separator, since the sludge which 
can maintain low the concentration of the sludge contained in the cutting fluid by which 
the cyclic use of waste water is carried out, and is supplied to a cutting edge with cutting 
fluid can be lessened, the cutting load which a wire receives can be maintained at level 
small enough over a long period of time by the work-piece cutting plane. 
[0077] Hereafter, the configuration of the cutting fluid circulation system 70 of another 
gestalt equipped with the temperature control machine is explained, referring to drawin g 
7 and drawing 8 . In addition, the same reference mark is attached about the part which 
has the same configuration to the circulation system shown in above-mentioned drawin g 
4 and drawin g 5 . Below, the part which has a different configuration from the circulation 
system shown in above-mentioned drawing 4 and drawing 5 is mainly explained. 
[0078] In the cutting fluid circulation system 70 shown in drawin g 7 , cutting fluid is 
supplied to the principal part 30 of wire saw equipment through the 1st circulation pipe 
76 on the occasion of cutting processing of a work piece from a purge 72. The dirty liquid 
received on the other hand by the recovery drain 37 and processing machine drain 37' 
which were prepared in the principal part 30 is carried by the purge 72 through the 2nd 
circulation pipe 78, and after it receives the sludge separation processing by an above- 
mentioned magnetic separator 50 and an above-mentioned bag filter 84 there, it is 
accumulated in the recovery tank 48 (the separation tub 82 and temperature control tub 
92). 

[0079] On the whole in the principal part 30, the temperature of the cutting fluid which 
circulates through a circulation system 70 rises by absorbing the frictional heat generated 
between a wire and a rare earth magnet. A rise of the temperature of cutting fluid will 
increase the cutting force in cutting by the short supply to the cutting slot of the cutting 
fluid resulting from the surface tension of cutting fluid, and decline in cooling 
effectiveness. On the other hand, in a circulation system 70, the temperature of the 
cutting fluid by which the cyclic use of waste water is carried out is maintainable in a 
predetermined temperature requirement using the temperature control machine 74 
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connected to the purge 72.^m a temperature control machiriw4, the well-known 
temperature control machines (for example, temperature controller given in JP,8-25125,B 
etc.) equipped with the heat exchanger etc. could be used, and the temperature control 
machine 74 is preferably equipped with both the cooling function and the heating 
function. 

[0080] The temperature control machine 74 is controlled to operate, when the 
temperature of cutting fluid rises exceeding a predetermined value, and can control the 
temperature of the cutting fluid supplied to the principal part 30 to predetermined within 
the limits. Thus, if temperature control of cutting fluid is performed, since it will maintain 
the surface tension of the cutting fluid supplied between a wire and a rare earth magnet 
within suitable limits and cutting force will not be made to increase, cutting fluid cannot 
be exchanged but ** can also perform cutting of a rare earth magnet continuously. 
[0081] Next, the configuration of a purge 72 is explained, referring to drawing 8 . This 
purge 72 consists of the separation section 80 equipped with an above-mentioned 
magnetic separator 50 and the above-mentioned separation tub 82, and a temperature 
controller 90 equipped with the temperature control tub 92. The separation tub 82 and the 
temperature control tub 92 are separated by the septum 88, and a septum 88 prevents that 
cutting fluid moves freely between tubs. In the upper part of a septum 88, free passage 
section 88a (clearance between the septum partial upper parts which has height lower 
than the height of the side attachment wall of each tubs 82 and 92 in the gestalt shown in 
drawing 8 ) is formed, and cutting fluid can move through free passage section 88a 
between tubs. That is, the separation tub 82 and the temperature control tub 92 are 
connected possible [ a free passage ] so that a fluid can move only in the location of the 
upper part of each tub. 

[0082] In the separation section 80, the dirty liquid carried from wire saw equipment is 
supplied to a magnetic separator 50 and a bag filter 84. A magnetic separator 50 has the 
capacity to process a lot of cutting fluid for a short time, and is suitable for removing a 
comparatively large sludge. On the other hand, the bag filter is suitable for removing a 
comparatively small sludge. If the supply rate of the cutting fluid to each decollator is 
appropriately set up according to the throughput of each decollator (a magnetic separator 
50 and bag filter 84), the magnitude of the sludge contained in cutting fluid, an amount, 
etc., it is possible to make a sludge separate efficiently. A magnetic separator 50 and the 
supply rate of the cutting fluid to a bag filter 84 are set as 8:2. However, the gestalt of a 
decollator may be a gestalt which filters some cutting fluid which was not restricted to 
this, for example, came out of the magnetic separator 50 with a bag filter 84. 
[0083] The cutting fluid from which the sludge was removed by the magnetic separator 
50 is carried to the separation tub 82 with a pipe 85 from the edge in the longitudinal 
direction of a drum 56. Moreover, the cutting fluid from which the sludge was removed 
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with the bag filter 84 is caHrd to the separation tub 82 witffl^)ipe 86. The volume of the 
separation tub 82 is set as about 200 L. 

[0084] From opening of pipes 85 and 86, by the septum 88, the cutting fluid which 
flowed into the separation tub 82 piles up in the separation tub 82 temporarily, and does 
not flow into the temperature control tub 92 directly. Therefore, the sludge which was 
able to be removed neither with a magnetic separator 50 nor a bag filter 84 can be made 
to sediment in the separation tub 82. Consequently, only the supernatant part of the 
cutting fluid in the separation tub 82 flows into the temperature control tub 92 over a 
septum 88. 

[0085] The sludge which sedimented by the separation tub 82 is returned to a magnetic 
separator 50 with the sludge absorption pump 87. The opportunity into which can reduce 
the amount of the sludge in the separation tub 82, and such a sludge is made by this to 
divide by the magnetic separator 50 again can be obtained. If it does in this way, the 
desludging engine performance of a purge 72 can be raised. 

[0086] In addition, in order to make a sludge sediment [ near the inhalation opening of 
the sludge absorption pump 87 ], preventing that a sludge soars near the oil level of 
cutting fluid, it is desirable to prepare a ramp, to collect sludges or to set the location of 
opening of pipes 85 and 86 as a septum 88, as shown in drawing 8 . 
[0087] The supernatant part of the cutting fluid which set separation tub 82 and was 
formed moves to the temperature control tub 92 through free passage section 88a. The 
volume of the temperature control tub 92 is set for example, as 400L. The cutting fluid 
supplied to the temperature control tub 92 does not contain most sludges. 
[0088] Thus, the cutting fluid accumulated in the temperature control tub 92 is again 
returned to the temperature control tub 92, after being sent to the temperature control 
machine 74 (refer to drawin g 7 ) using a pump P3 and lowering temperature. Since it is 
made to remove a sludge in the separation section 80 before sending cutting fluid to the 
temperature control machine 74, when a sludge collects in a pipe in the temperature 
control machine 74, heat exchange effectiveness cannot fall and temperature control of 
cutting fluid can be performed effectively. 

[0089] With this operation gestalt, when the temperature of the cutting fluid in the 
temperature control tub 92 becomes beyond predetermined temperature, a pump P3 and 
the temperature control machine 74 are operated, and when the temperature of the cutting 
fluid in the temperature control tub 92 turns into below predetermined temperature after 
that, the pump P3 and the temperature control machine 74 are stopped. Therefore, all the 
cutting fluid held in the temperature control tub 92 is not sent to the temperature control 
machine 74, and some cutting fluid is sent to it in a predetermined period. Some cutting 
fluid which temperature control was carried out and was returned, and the remaining 
cutting fluid in the temperature control tub 92 are mixed by the agitator 94 (stirring), and, 

http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 8/30/2004 



THIS PAGE BLANK (uspto) 



Page 17 of 23 



thereby, the temperature cutting fluid in the temperat^^control tub 92 is 
equalized. If it does in this way, it will be prevented that the temperature of the cutting 
fluid supplied to the principal part of wire saw equipment changes rapidly compared with 
the case where the cutting fluid which carried out temperature control is sent to the 
principal part of direct wire saw equipment. If cutting fluid can be supplied at the 
temperature stabilized to the principal part of wire saw equipment, since the surface 
tension of cutting fluid etc. will not change a lot, wire saw equipment can perform stable 
cutting. Thus, with this operation gestalt, the temperature of the cutting fluid in the 
temperature control tub 92 is maintainable to a predetermined temperature requirement, 
operating the temperature control machine 74 effectively. 

[0090] On the other hand, under the effect of a room temperature etc., the temperature of 
cutting fluid may fall and the surface tension of cutting fluid may become large across the 
predetermined range. In this case, cutting fluid becomes that a cutting slot is fully hard to 
be supplied, eccritic [ of a sludge ] falls, and cutting resistance increases. Moreover, the 
fall of the desludging capacity by the magnetic separator may also be produced. 
Furthermore, coefficient of friction in a cutting edge rises, and wear of an abrasive grain 
becomes intense. When such, it is advantageous to raise the temperature of cutting fluid 
using the temperature control machine 72, and to reduce the surface tension of cutting 
fluid. 

[0091] Moreover, the cutting fluid containing a glycol has comparatively high kinematic 
viscosity, and its temperature dependence of kinematic viscosity is also large. Since it 
may become that a cutting slot is fully hard to be supplied even if it has the surface 
tension of the above-mentioned range when kinematic viscosity exceeds 67mm2/s, as for 
the kinematic viscosity of the cutting fluid supplied between a wire and a rare earth alloy, 
it is desirable that it is less than [ 67mm2/s ]. Therefore, in using the cutting fluid 
containing a glycol, while surface tension is in the above-mentioned range, it is desirable 
to control temperature so that kinematic viscosity may become less than [ 67mm2/s ] . 
[0092] The cutting fluid by which temperature control was carried out in the temperature 
control tub 92 is sent to the principal part 30 ( drawing 7 ) of wire saw equipment with a 
pump P4. The temperature of the cutting fluid supplied between a wire and a rare earth 
magnet is controlled to become 15 degrees C - 35 degrees C preferably, and is controlled 
by 20 degrees C - 25 degrees C still more preferably. 

[0093] With an above-mentioned operation gestalt, while performing separation removal 
of a sludge efficiently, performing supply and recovery of cutting fluid cyclically, the 
surface tension of cutting fluid is maintained in the suitable range by performing 
temperature control of cutting fluid. If it does in this way, by discharging a sludge 
appropriately from a cutting slot and maintaining cutting force on low level, cutting 
efficiency can be raised and precision of a cutting plane can be made high. Therefore, it 
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enables it to prolong spaci^j^of exchange of cutting fluid re^^rkably and to continue 
cutting processing processing continuously over long duration. 

[0094] Next, the effect of surface tension to the sectility ability at the time of using glycol 
content drainage system cutting fluid is explained, referring to drawin g 9 and drawin g 
10. 

[0095] Drawin g 9 shows the configuration of the testing machine (e valuator) 10 which 
conducted the experiment shown in drawing 10 mentioned later. The volume drum 102 
by which, as for the testing machine 10, the wire 12 for cutting was wound around the 
peripheral face, and the revolving shaft was connected to the drive motor (un- 
illustrating), In two or more pulleys 106 which show again a wire 12 to the volume drum 
102 from the volume drum 102 through the cutting section 104 which cuts the cut object 
(work piece) 14, and the cutting section 104 It has migration equipment 108 to which the 
cut object 14 can be linearly moved toward a wire 12 (it presses). Moreover, the tension 
adjustment 110 is formed in the middle of the path of a wire 12. By giving the 
energization force F to an outside to the movable pulley 112 around which the wire 12 
was wound almost, the tension adjustment 110 can give tension to a wire 12, and, 
thereby, can prevent the slack of a wire 12. further ~ the tension adjustment 110 — a 
work piece 14 — pressing — etc. — when the tension more than predetermined works on a 
wire 12, the movable pulley 112 moves inside against the above-mentioned energization 
force F — it is constituted so that things can be carried out. While this eases the tension 
applied to a wire 12, a wire 12 can maintain at a balance the stress given to a work piece 
14 (that is, push reliance of a wire is performed by the constant pressure to a work piece 
14). As a wire 12, diameter of core wire 0.18mmphi, diameter of result 0.24mmphi, 
breaking load 7 - 8.5kgf, 40-60 micrometers of diameters of an abrasive grain, and 30 
micrometers - 60 micrometers of phenol resin coating thickness were used. 
[0096] The cutting fluid supply nozzle 114 is formed above wire 12' of the cutting section 
104, and cutting fluid is dropped or injected from a nozzle 114 to wire 12'. The 
temperature of the cutting fluid which the cutting fluid supplied to wire 12' is discarded, 
without carrying out the cyclic use of waste water, therefore is supplied to wire 12' is kept 
almost constant. 

[0097] Using this testing machine 10, glycol content drainage system cutting fluid was 
made dropped at wire 12' from a nozzle 114, and sectility ability was measured. In 
addition, congruence directional movement of wire 12' was carried out by linear velocity 
200 m/min by reversing the hand of cut of the volume drum 102 periodically. Moreover, 
by setting up appropriately the passing speed of the energization force F and migration 
equipment 108, the work piece 14 was pressed by 4 Ns of constant pressures to wire 12', 
and it cut by the constant-pressure load. In addition, the work piece 14 is formed from the 
rare earth sintered magnet of the letter of a block. 
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[0098] As cutting fluid, thSBIrious glycol content drainage^^tem cutting fluid 
(YUSHIRO CHEMICAL INDUSTRY [ CO., LTD. ] make: WL-l-WL-5) with which 
surface tension differs was used at the temperature of about 25 degrees C. The surface 
tension in 25 degrees C of the used cutting fluid is 33.6 mN/m - 48.9 mN/m. Moreover, 
cutting oil (YUSHIRO CHEMICAL INDUSTRY [ CO., LTD. ] make: HT-9, 25-degree 
C surface tension:29.6 mN/m) was made into the reference sample. 
[0099] the surface tension [mN/m] of cutting fluid from which drawing 10 was obtained 
using the testing machine 10, and sharpness fall multiplier alpha[~ %/unit - a logarithm - 
- it is the graph which shows relation with time amount] and sectility ability constant 
gamma [%]. The sectility ability constant gamma is a parameter which shows the sectility 
ability (sharpness) in the early stages of cutting, and it is thought that it is especially 
influenced by sludge eccritic etc. The sharpness fall multiplier alpha is a parameter 
showing the decreasing rate (alpha< 0) of the sectility ability about time amount, and it is 
thought that especially wear of a wire is shown. A concrete target is a value with which 
the sectility ability constant gamma and the sharpness fall multiplier alpha are satisfied of 
the following formulas (1). 
[0100] Y=alpha In (t) +gamma (1) 

In a formula (1), t expresses cutting time amount (however, let 3 minutes be one unit), 
and Y expresses a sectility ability ratio. The sectility ability ratio Y is defined as sectility 
ability when setting initial sectility ability at the time of using the above-mentioned 
cutting oil to 100. Sectility ability is determined by measuring the cutting depth of flute 
formed in the rare earth alloy with the wire, in addition, a formula (1) to the sectility 
ability constant gamma -- the sectility ability ratio (opposite cutting oil) of 3 minutes after 
(t= 1) ~ expressing - the sharpness fall multiplier alpha - a logarithm -- it turns out that 
the rate of change of the cutting-ability ability to time amount (In (t)) is expressed. 
[0101] When the surface tension in 25 degrees C uses the glycol content drainage system 
cutting fluid of 33.6 mN/m - 48.9 mN/m so that the graph of drawing 10 may show, the 
sectility ability constant gamma is under 100 [%], and its sectility ability is lower than the 
case where the above-mentioned cutting oil is used. However, the sectility ability 
constant gamma of each water-soluble cutting fluid has exceeded 75 [%], and if sectility 
ability of this level is obtained, it is possible to cut a rare earth alloy comparatively 
efficiently, moreover, the case where the glycol content drainage system cutting fluid 
which has the surface tension of the above-mentioned range is used - the sharpness fall 
multiplier alpha -16.5 [-- %/unit - a logarithm - time amount] ~ it is above, and also 
when it cuts by carrying out long duration continuation, it turns out that sharpness does 
not fall so greatly. When the value of this sharpness fall multiplier alpha was compared 
with the sharpness fall multiplier at the time of using cutting water (tap water), it was a 
value good enough. 
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[0102] Thus, when using tlWlrainage system cutting fluid o^lycol content, a cutting 
efficiency worsens compared with the case where specific cutting oil is used, but on the 
other hand since an oil mist etc. does not occur, the advantage that workability becomes 
good is acquired. Moreover, it is more desirable for drainage system cutting fluid to be 
unable to pollute an environment easily, and to use drainage system cutting fluid rather 
than cutting oil at this point. Moreover, since it is comparatively easy to remove a sludge 
from drainage system cutting fluid, when circulating through and using cutting fluid, 
drainage system cutting fluid may be an ingredient more suitable than cutting oil. 
[0103] It is desirable that the surface tension in 25 degrees C uses the drainage system 
cutting fluid of about 33 mN/m - about 49 mN/m from an above-mentioned result and the 
result examined variously. It is desirable that the surface tension in 25 degrees C uses the 
drainage system cutting fluid (for example, :WL[ by YUSHIRO CHEMICAL 
INDUSTRY CO., LTD. ]- 2) of 35 mN/m - 45 mN/m especially. It is possible to cut a 
rare earth alloy efficiently, without causing environmental pollution etc., if such drainage 
system cutting fluid is used. 

[0104] Drawing 11 shows the relation between the magnetism in the sludge recovery side 
(sludge recovery area) of a magnetic separator, and the flatness of a work-piece cutting 
plane, and the relation of the magnetism and sludge discharge (amount per hour of the 
sludge removed from cutting fluid) in the sludge recovery side (sludge recovery area) of a 
magnetic separator. In addition, the data shown in drawing 11 were obtained under the 
conditions on which a 1kg [/hour ] sludge is incorporated in cutting fluid from a work- 
piece cutting plane. Using the gauss meter and the probe (both bell company make), the 
magnetism at this time (surface inductive flux) contacted the probe to the sludge recovery 
side, and measured it. 

[0105] If the magnetism of a magnetic separator increases so that drawin g 1 1 may show, 
a sludge discharge will increase in connection with it, and the flatness of a work-piece 
cutting plane will improve. When there are few sludge discharges from the cutting fluid 
by the magnetic separator, recovery separation of a sludge is not fully attained but sludge 
concentration rises. This leads to raising the sludge concentration in the cutting fluid 
supplied to the part into which processing with a wire is performed. Consequently, since 
the cutting force to a wire increases and a wire bends, it is thought that the display 
flatness of a processing side falls. In addition, if a magnetic separator removes a rare 
earth alloy sludge appropriately, also except that flatness will improve, even if it does not 
perform whole-quantity exchange of wire cutting fluid, the effectiveness that prolonged 
continuous running becomes possible is acquired. 

[0106] Since the working efficiency of ****** w iu f a n when [ whole ] the time amount 
which a next polish process takes is taken into consideration if the flatness of a work- 
piece cutting plane exceeds 100 micrometers, as for flatness, being set to 15 micrometers 
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or less is desirable, and, al^Hs for magnetism, it is desirablWiat the flatness of a 
processing side is adjusted so that it may be set to 15 micrometers or less. For that 
purpose, it is desirable to set the magnetism in the drum front face of a magnetic 
separator as 0.27 teslas or more, and it is still more desirable to make it 0.30 teslas or 
more. 

[0107] Again, drawing 1 is referred to. After performing finish-machining by polish to 
each of the rare earth alloy plate which carried out cutting processing using the above- 
mentioned approach and preparing a dimension and a configuration, in order to raise 
long-term dependability, surface treatment is performed to an alloy plate at step S8. After 
performing a magnetization process by step S9, a neodymium permanent magnet is 
completed through an inspection process. 

[0108] (Example 1) The rare earth alloy was cut using the wire saw equipment shown in 
drawing 7 . As cutting fluid, the glycol content drainage system cutting fluid (WL-2) by 
YUSHIRO CHEMICAL INDUSTRY CO., LTD. was used. As a temperature control 
machine, the automatic temperature control machine (KTC-3B) by Kanto energy 
machine incorporated company was used. This equipment has the function of both 
cooling and heating. 

[0109] Moreover, as a wire for cutting, the wire (diameter:of core wire0.18mm, 
thickness:20micrometer of phenol resin, an abrasive grain quality-of-the- 
materiakdiamond, diameter: of abrasive grain40-60micrometer, and average abrasive 
grain spacing: lOOmicrometer) was used. Both- way transit of this wire was carried out by 
linear velocity 800 m/min, and equipment was operated on new line amount-of-supply:2 
m/min and wire tension:30N conditions. As a cut object, the 20mmx40mmx60mm rare 
earth alloy was tiered seven, it pasted up, and this was contacted on the wire with the fall 
velocity of 40 mm/min. Cutting of a rare earth alloy was performed having worked the 
temperature control machine and maintaining the temperature of cutting oil in the range 
of 25 degrees C - 28 degrees C under the above-mentioned conditions. 
[0110] When the rare earth alloy was deeply cut to 180mm and the cutting plane was 
observed, profile irregularity Ra is 0.8 micrometers or less, Rmax is 7 micrometers or 
less, and the smooth field was formed. The cut rare earth alloy fulfilled the quality 
demanded as a magnet used for the motor for voice coils. Moreover, the amount of 
deflections of a wire was maintained by abbreviation regularity during cutting, and there 
was no increment in cutting force. 

[0111] (Example 1 of a comparison) Except for not working a temperature control 
machine, the rare earth alloy was cut like the above-mentioned example 1. Although the 
temperature of glycol content drainage system cutting fluid was 20 degrees C at the 
beginning, cutting took for progressing, and went up and it amounted to 50 degrees C or 
more. 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi__ejje 



8/30/2004 



THIS PAGE BLANK (uspto. 



Page 22 of 23 



[0112] When the rare eartrWwoy was deeply cut to 180mm Ml the cutting plane was 
observed, profile irregularity is falling, the profile irregularity Ra of a cutting plane is 1 .5 
micrometers or more, Rmax is 15 micrometers or more as the part cut behind, and the 
field where irregularity is large was formed. The cut rare earth alloy did not fulfill the 
quality demanded as a magnet used for the motor for voice coils. Moreover, during 
cutting, the amount of deflections of a wire increased gradually and the increment in 
cutting force was accepted. 

[0113] As explained above, according to the manufacture approach of the above- 
mentioned rare earth alloy ****, much advantageous effectiveness as taken below is 
acquired. 

[0114] 1. Since the discharge effectiveness of the cutting fluid from a work-piece cutting 
plane improves, the cutting force which a wire receives is reduced and the continuation 
cutting activity of long duration is attained. 

[0115] 2. It becomes possible to raise the flatness of a work-piece cutting plane. For this 
reason, the manufacture yield of a product is improved. 

[0116] 3. The effectiveness of wire saw cutting over a rare earth alloy is optimized. 
[0117] 4. Since the sludge in cutting fluid is efficiently removable, even if it does not 
exchange cutting fluid frequently, reduce the cutting load of the wire which wins 
popularity by the work-piece cutting plane, and it becomes possible to raise cutting speed 
by it. 

[0118] 5. Even if collapse of a work piece arises, it is prevented that the quality of a 
product deteriorates by contact on a wire. 

[0119] In addition, although the operation gestalt of this invention has been explained 
about the manufacture approach of a rare earth alloy plate, this invention is not limited to 
this. For example, in order to produce a rare earth alloy product and components with 
processing configurations other than tabular, the cutting process of this invention can be 
used suitably. 

[0120] Moreover, although the processed object was carried out and the operation gestalt 
using the rare earth alloy magnet ingredient of Nd-Fe-B was explained, since the property 
for cutting force to be large and to be easy to condense a sludge is common in the whole 
rare earth alloy, even if this invention uses other rare earth alloys as a workpiece, it can 
acquire the effectiveness which described the above-mentioned operation gestalt, and the 
same effectiveness. 

[0121] The rare earth alloy magnet produced using the above-mentioned approach has 
few cutting margins as compared with the case where a rare earth alloy ingot is cut using 
a peripheral cutting edge, and is suitable for manufacturing a thin magnet (0.5-3.0mm in 
for example, thickness). In recent years, since the rare earth magnet used for a voice coil 
motor is becoming still thinner, if the above-mentioned thin rare earth alloy magnet 
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manufactured using the apjlftch of this invention is attachetfti a voice coil motor, a 
small voice coil motor with the high engine performance can be offered. 

[Translation done.] 
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* NOTICES * 




Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawin g 11 It is the flow chart which shows the production procedure of a Nd-Fe-B 
permanent magnet. 

[Drawin g 21 (a) is the front view showing the ingot block fixed to the work-piece plate, 
and (b) is the side elevation. 

[Drawing 3 A] It is the perspective view showing the principal part of the wire saw 

equipment suitably used with the operation gestalt of this invention. 

[Drawing 3 B] It is the front view showing the principal part of said wire saw equipment 

suitably used with the operation gestalt of this invention. 

[Drawing 3 C] It is the front view showing the principal part of other wire saw 

equipments suitably used with the operation gestalt of this invention. 

[Drawing 41 It is the outline block diagram showing the cutting fluid circulation system 

of said wire saw equipment. 

[Drawing 51 It is the perspective view showing the magnetic-separator equipment with 
which said wire saw equipment was equipped. 
[Drawing 61 It is the sectional view of a wire. 

[Drawing 71 Drawing 4 is the outline block diagram showing the cutting fluid circulation 
system of the wire saw equipment of another gestalt. 

[Drawing 81 It is the perspective view showing the purge with which the circulation 
system shown in drawing 7 was equipped. 

[Drawing 91 It is the testing machine used in order to investigate the relation between that 
of glycol content drainage system cutting fluid, and sectility ability. 
[Drawing 101 It is the graph which shows the relation between that of glycol content 
drainage system cutting fluid, and sectility ability. 

[Drawing 111 It is the graph which shows the relation between the magnetism of a 
magnetic separator, and the flatness of a work-piece cutting plane. 
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[Description of Notations]' 
20 Ingot of Rare Earth Alloy 
22 Adhesives 

24a-24c Block of an ingot (ingot mounting block) 
26 Work-Piece Plate 

28 Base Plate made from Carbon 

29 Cutting Fluid Delivery Pipe 
29a Slit-like nozzle 

30 Principal Part of Wire Saw Equipment 
32 Wire 

34a-34c Maine roller (multi-slot roller) 

36 Nozzle 

37 Recovery Drain of Slurry 
37' Processing machine drain 

38 Cutting Fluid Tub 

40 Wire Saw Equipment 
42 Cutting Fluid Service Tank 
44 1st Circulation Pipe 
46 2nd Circulation Pipe 

48 Cutting Fluid Recovery Tank 

49 3rd Circulation Pipe 

50 Magnetic Separator 

52 Used Cutting Fluid Containing Sludge (Dirty Liquid) 
54 ****** 

54a Opening prepared in ****** 

56 Drum 

57 Squeezing Roller 

58 Scraper 

59 Sludge Box 



[Translation done.] 
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* NOTICES * 




Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DRAWINGS 
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[Drawing 21 
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[Drawing 3 A] 
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[Drawing 3 B] 




[Drawing 3 C] 
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[Drawing 71 

r 1 




[Drawin g 51 
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[Drawing 111 



□ #ttJfi(kg/hr) 
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86* (T) 



[Translation done.] 
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